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This instruction clears the A-Register and loads ^ into the lower 
6 bits of A. The upper 12 bits of A are set to zero. RNI @ P+1 
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Exercise #1 - Code an instruction to clear the A-Register 
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Exercise #2 - Code an instruction to set the lower 6-bits of the 
A-Register to ones. 
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Exerqise #3 - Code an instruction that will set the A-Register to 31 
decimal, so it could be stored and counted down later. 
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Exercise #4 - Code an instruction that will set the A-Register to the 
constant 12, octal. 
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Constant 

Symbol 

Symbol ^ Constant 
Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The deciinal equivalents 
are 00-63. 


-Mnemonic Operation Code 


This instruction clears the x\-Register and loads the complement of 
4 into the lower 6-blts of A. The upper 12-bits are set to ones. 
RMI @ P-fl 
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Exercise #1 - Code an instruction that will set the A-Register to a 
negative 60 decimal. 


LOCATION 


ANSWER 


OPERATION ADDRESS FIELD 

M ., I 


Exercise #2 - Code an instruction that will give us a mask, with 
the lower 6-bits cleared and the upper 12-bits ones. 
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Exercise #3 - Code an instruction to set the A-Register to all ones. 


ANSWER 
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This instruction clears the A-F.egister 
and loads the 18-bit quantity consisting 
of ^ as the upper 6 bits and ni as the 
lower 12 bits. RNI 5 P+2 
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Exercise #1 - Code an instruction that will set the upper 6-bits 
of the A-Register to ones, in order that two 12-bit 
quantities may be added later (with end around carries) 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 
1 I UlDC 770000B 

^ r i I ‘ ‘ ‘ ‘ h! 1 I I I I I 1*^1 I 1*1 I I 1 I I 1 1 t I 1.1 11-1- 

' I I'i 
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Exercise #2 - Code an instruction to load the A-Register 
with the constant 4096^^, which could next 
be used for an input/output instruction. 
( 4096 j^q = lOOOOg) 


ANSWER 


LOCATI ON OPERATION ADDRESS FIELD 
F r~ t\LDC 4096 


aii4Ui<»i>*n9 miiriti nt itriititfnouuMissixiain# 


Exerpise #3 - Code an instruction that will loadbhe A-Register with 
all ones into the A-Register. 


ANSWER 
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Uldc -o 
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LDD .d. 


ADDRESS FIELD 



TTJTUB3UIIIJ»1J»W tu 


Constant 
Symbol ^ 

Symbol Constant 
Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 


This instruction clears the A-Register and loads the contents of 
location _d into the lower 12 bits of A. The upper 6 bits of A are 
set to zero. 

RNI (a P+1, 



DATA TRANSMISSI15N 


June 1, '66 
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Exercise #2 - Code an instruction to load the contents of Tempo. 

Tempo = 007.0> but could have been any value 00-77g. 
(Tempo) = 0010, but could have been an octal value in 
the range of ( 2 ^^ -1). 
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Exercise #3 - Code an instruction to load 1234 into the A-Register. 

The Operand 1234 is in a location called ABLE , which 
happens to equal 0000. 

■^BLE = 0000, but could have been any octal value 00-77. 
(able) = 1234, but could have been an octal value in the 



range 

of ( 2^2 _i). 



LOCATION 
-- 

OPERATION 

ADDRESS FIELD 

ANSWER 

r ( 1 1 1 1 1 

IK,44 ,-^4? 

1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 


^1191416 Liriti* 

P2|t9 114 MB Ilf ttr 116 li» 

It01ZllttlI91t4l2SiCfl trill 12919019119219919419911f 
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(Constant 

'Symbol 

.Symbol - Constant 

[Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equivalents 
are 00-63. 


•Mnemonic Operation Code 



This instruction clears the A-Register and loads into A the 12-bit 
quantity obtained by indirect addressing, ((d)) > A. The upper 
six bits of A are zero. Location^ is read out of memory, and the 
word obtained is used as the operand address. RNI @ P+1 
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Exercise #1 - Code an instruction that loads the A-Register, and uses j 

1 

INDADDR as a 1st reference, and ADDR as a 2nd reference to 
obtain the operand 4311. 

INDADDR = 50, but could, have been any octal value 00-77. 
(INDADDR) = ADDR = 3024, but could have any value 

0000-7777-. 

o 

(ADDR)= 4311, and again could have been any value 
0000-7777. 


ANSWER 


LOCATION i OPERATION ADDRESS FIELD 

\ . blOi; XNADDR . 


Ilojll |i'2 |I3 |t4 ns |>G H7 H8 !l» U&l£Hgg|23U4ia512tlg7|2aia»HOI5.i l32lS8{34l9aiS6t » 


Exercise #2 - Code an instruction that loads the A-Register, and uses 
location 0001 as its 1st reference to obtain the operand 
address. The operand address is equal to 635Ig, and the 
operand equals OlOOg. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

/ . 1 I 1 I 1 lA 1 I I I I I I I _i_i_ 1111 


hbl H t»2 tt3 |l* IIS MCIITIIB 119 120| ZH ZZ M 


2<l8TI28i2>ISO|3l 132 |S3 13413S136 


(0001) = 63518 
(6351) = OlOOg 
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This value, of d, must result 
in an octal value in the range 
of 00-77. 

The value of m, must result 
in an octal value in the range 
of ( 2^2 

Mnemonic Operation Code 


This instruction clears the A-»Register and loads a 12 bit operand obtained 
by indexed addressing into the lower 12 bits of A. The upper 6 bits of A 
are set to zero. 

Note: If d=0 , the operand address is simply m. 

If d ^ 0 , then m plus the contents of location d, 

m + (d) is, the operand address. Thus the contents of d may be used 
as an index quantity to modify operand addresses. ENI @ P+2 
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DATA TSANSMISSI0N Junel, '66 6-C 
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Exercise #1 - Code an instruction that will load the A-Register 


with an operand 0601, whose address is called SEL. 
Use the memory index instruction without indexing. 
SEL = 6322, but could have been equal to any value 
in the range (2^ -1). 

(SEL) = 0601 



LOCATION 

r 

OPERATION ADDRESS FIELD 

ANSWER 

1 

1 ■■ 1 

i' ; 1 1 1 1 1 i 

!•: 

.1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 


i 

• 

ii»nni«)Tni.l 

i 
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I II 112 UMI^ M5 1 IS i 1? 1 »B 119 1 20UH22l23U4ta5! 8fi |Zr|28|Z9 150!SM32|53 IS^lSSlSe 


Exercise #2 - Code an instruction that will load the A-Register with 
the first a series of ■nvimbers from.a table. Using the 
memory index instruction, the basic address will 
be called TABLE , and the index address called 
INDEX . 

INDEX = 70, but could have been any octal value 01-77. 

table = 5000, but could have been any value in the 
12 

range of 2-^ -1. 



LOCATION 

] 

OPERATION ADDRESS FIELD 

ANSWER 

l”'. 

1 1 1 1 1 1 1 


. 




1II 112 )I3 [14 115 )«b ! .1 1.0 • 19 1 • e! 12212S124125! 26 127! 2B 129 1301 3.1 [52133 1341 39 136 l*‘ 


Note: The contents of 70 should be zero,the 1st time 

a load is made, and then updated by one for each 
new reference. 
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OPERATION 


STD d 


ADDRESS FIELD 



Constant 
Symbol ^ 

Symbol ^ Constant 
^Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This instruction stores the lower 12 bits of the A-Register into 
location d.. The contents of A are not altered. 

RNI @ P+1 


DATA TRANSMISSION 


June 1, '66 
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Exercise #1 - Code an instruction to store the contents of the A-Regist 
er, which is 765432, in M.L. 0000. 

Note; At the completion of the instruction, M.L. 0000 
will contain 5432. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 
^STD 0 . 


1 « I 7_| a I 9 !«‘2il3 114 |I5 I 


* 19 I 20icM£2|g3|24|26| a« 128 129 ISO I 3J 13213 3 13 4135 136 I 


Exercise #2 - Code an instruction to store the contents of the A-Register 
which is 000000, in M.L. 0077. ^ 

Note: At the completion of the instruction, M.L. 0077 
will contain 0000. This effectively clears that 


ANSWER 


LOCATION _OPERATION ADDRESS FIELD 

3 r , , 1 . , , %SrD 770 


J ;iO j l» |»5 P6| <71»B li9 }20 |2t}22I2a(24|g5|26>27}2aiZ»|30t31 132I33I34I33 136• 


Exergise #3 - Code an instruction that will save the contents of the 

A-Register, and store it in some location 00-77 . In 

8 

this example the location will be called L0WC0RE . 
L0WC0RE = 10 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

i \ .LPWC0RE 


iLatl n2|l3H#H5HClirn»H»UOt2llttlt3114|281t6i2T|201>9i3Oim32i93II_4i3>L»» 


Note: Only the lower 12-bits of the A-Register will be 
stored in memory. 


The A-Register remains unaltered. 
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OPERATION 
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ADDRESS FIELD 


III imumimniiTiit ii»n»i»imit»inn»mitrm 


(Constant 
/Symbol _j_ 

[Symbol Constant 
(Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77, The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This insturction stores the lo^^er 12 bits of the A-Register into the 
location specified by the contents of location^, (A)-^((d)). The 
contents of A are not altered. RNI @ P+1. 


REFERENCES 


DATA TRANSMISSION 



June 1, *66 







H H S H S O 



6400/6600 


3 USEC 


-1 USEC 


•1 USEC 


-1 USEC — 


S'! 475 j< 

Insec ' 


f RNI 


|NSEC 



READ 

0PERAND 

ADDRESS 

((d); 


475 
j NSEC 


I ST0RE CYCLE 
i (A)^((d)) 


SL0T TIME-.= 100 NSEC 
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Exercise #1 ~ Code an instruction that stores the contents of the A- 
Register, and uses INDREF as a 1st reference and ST0RE 


as a 2nd reference. 


A-Register contains 514233. 


INDREF = 00, but could have been any octal value 00-77. 
(INDREF) == ST0RE = 6071, but could have been any octal 
value in the range ( 2^2 _i). 


LOCATION OPERATION ADDRESS FIELD 

r I 1 I 1 1 1 I 1 I I I I I I I i.-i. I. 

% I ' 

r»0 j 1 »2 IIS |I4 )1S |I6 I 17 I IB 119 [20|2i i22|gsi2<|2aia6 127126 I29I30ISI 132|S3|34135138 » 

Note: Only the 4233 of A will be stored in location 
6071. 


Exercise #2 - Code an instruction that stores the contents of the A- 
Register, and uses M.L. 0077 as its 1st reference to 
obtain the operand address. 

A-Register = 123456 
(0077) = 3347 
(3347) = 1000 


ANSWER 


j^CATION I OPERATION ADDRESS FIELD 

r~T~l‘i5rx 77B . T . 


H'Z MS MS 116 M7 I ?8 jig IgQUi] £8128124185128 1871 281291301 3.1 I 32133 I 34135 I 361*^ 


Note: At the completion of this instruction, memory loca¬ 
tion 3347 will contain 3456, and 1000 will be 
destroyed. 
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^ I l|57yi/ m,d 

^ I' ; I 1 I I 1 M I I I I I I I I .l-.i I I I L. 

^ 2 iaiiii»!iiTniiE II1UII3II4mintiTini i»itoniinn»u<nmiiirmmm 

—Separator 
/ space or comma 
/ TConstant 
/ JSymbol , 


Symbol ^ Constant 
^Symbol - Symbol 

The value of d) must result 
in an octal value in the range 
of 00-77. 

! 

The value of m, must result 
in an octal value in the rangel 
of 212-1. 


•Mnemonic Operation Code 


This instruction stores the lower 12 bits of the A-Register in the location 
determined by indexed addressing. The contents of A are not altered. 

Note: If d==0 , the operand address is simply m. If d ^ 0, the m plus the 
contents of location d , ' m+ (d) , is the operand address. Thus the 

contents of d may be used as an index quantity to modify operand 
addresses. RNI @ P+2 
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ENTER 
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FETCH 

OPERAND 

ADDRESS 


F0RM 0PEI 
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(A)—> 
0PERAND 


P+2—>-P 


EXIT 
.RNI . 


6400/6600 


3-4 USEC 


■1 U3EC-^^<- 


1 USEC 


1 USEC 


I I 

->i 475+- 
jsiSECi 

I 


NO 

INDEX 
d = 0 


INDEX I 
d # 0 * 


t I 

—^ 475*+- 
NSEC 
I 


—^475 
^SEC' 



READ 0PERAND 1 
ADDRESS m' 

L„<_ 

NSEQ 



! READ INDEX 
' (d) 


STORE 
(A)— 

i 

475 — 
NSEQ 


■1 USEC 



^75 1<— 
'NSEd 


READ ADDRESS 
m and form 
m + (d) 


ST0RE 

(A)—^ m+(d) 


SL0T TIME = 100 NSEC 
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Exercise #1 - Using memory index, with no indexing, code an instruction 
to store the contents of the A-Register in some 
location called STADDR. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

' I't 1 1 1 I I ■' \^TAPP\^\ I I I I I I I I I I I I I I 1,1 

' I 

/ Utl'Z H3 l«a 116 117 I le ! l» UOIZi lt2l23|24|2S|2a |tT|2B|29i3Qt3J 132133 13<l 3S |jg I 


Exercise #2 - A series of numbers may be coming into the computer. Us¬ 
ing Memory Index, with indexing, code an instruction to 

I 

store the numbers in sequential locations beginning 

the location called STAN. Use the location called UPDATE, ; 

as an index. 

Assume UPDATE = 70 and contains 0000 at 1st STAN = 
any value (see P. 9-0) 


ANSWER 


LOCATION 


1 

1 

r i 1 1 1 1 1 

'V' 


.1 

'10^ 


OPERATION ADDRESS FIELD _ 

.. 

n } »2 115 I «4 115 116 I IT 118 1 19[ZOIZt 122123124125126127128129130131132133 134138136» 
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Constant 
Symbol ^ 

Symbol ^ Constant 
Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 


This instruction shifts the contents of the A-Register (which is 18- 

bits) right or left d. places. If d is positive (00-37o), the shift 

““ o 

is left and circular; if d is negative (40-77g), A is shifted right ^ 
end off with no sign extension. RNI @ P+1. 



SHIFT 
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Exercise #1 - Code an instruction to shift the contents of the A-Registe 
left places. This will place the lower 6-bits of 

A in the upper 6-bits of Ae 

Note: A left shift of more than 17^^ would be impractical 
Also, note each left shift would be a multiplica¬ 
tion by 2. 


LOCATION OPERATION 


ADDRESS FIELD 


ANSWER 


} lOl' MtittH P-* M5 ^ ■6^l7|la 119 |201ZIIZglg>lZ*|25[atrzyi29|29|S0|51 1^2133 134| 35 [Sgt * 


Exercise #2 - There is an 18-bit quantity in the A-Register we wish to 
store. The lower 12-bits may be stored without any 
trouble. However, we must do some manipulation with the 
A-Register before the upper 6-bits can be stored. Code 
an instruction to shift the contents of the A-Register 
right 12 places. 


ANSWER 


LOCATION 


OPERATION ADDRESS FIELD 
USHA/ - /4B 


a« I 87189189 1301 3.1 13213, U.l 35 U8 I’ 


Note: A right shift of more than 18 ^q would be im¬ 
practical also, note each right shift would be 
a division 







aOHH'tlMfaOMWOj C0H>KWO'^ 


ADD NjD ADDRESS 



liACHINE 


LOCATION 


AS PEE 


OPERATION 

H4C/V < . 


ADDilESS FIELD 


Lli'MHIi* ii» ii»iiTii»irmBniinitiii4mmiifii 


[Constant 
^ Sjtmbol 

jSymbol ^ Constant 
[Symbol - symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 


This instruction adds the 6-bit positive quantity _d (OOOOdd) to the 
contents of the A-Register (which is 18-bits). 

RNI 5 p+1 


REFERENCES 


ARITHMETIC 



June 1, '66 

















w w 



Exercise #1 - Code an instruction to add the constant 77g to the 
A-Register,. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

^ . I ADN 77B . 


C i I HZ M3 H4 |IS |I6 ( tr IJ8 J J 9 I 2 0 j_L2 2 J 2 3 I 2 4 ] 25 [ 2 4 I 2 71 2 BJ 2 9 j 3 0 | 3 I ! 3 2 [ 5 t j 3 ' 


Exercise #2 - Code an instruction to add the constant to the 

A-Register. 


LOCATION 


ANSWER 


I OPERATiON 

Urn 20 


1« jy. Ill |i; |I3|I« 115 in IIT I 


ADDRESS FIELD 


.MtZ|ai|8<i;»i;8l8Ti;ai;3i30i3.i nammrssi jg : 


11-2 








Q W 



ADDRESS FIELD 


■ 111 111 114 lit iir ..1 Lt i 


{Constant 
jSymbol ^ 

jSymbol ^ Constant 
[symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equiva¬ 
lents are 00-'63. 


■Mnemonic Operation Code 


This instruction subtracts the 5-bit positive quantity ^ (OOOOdd) 
from the contents of the A-Register (which is 18-bits). 


RNT @ P+1. 


ARITHMETIC 


June 1, '66 







6-400/6600 


1 USEC 



SL0T TIME = 100 NSEC 


12-1 









CO M 



Exercise #1 - Code an instruction to test if a program has gone through 
a loop the required number of times (4). 


Note: This instruction assumes the A-Register contains 

the loop count, and the next instruction will 
finish the test. 


LOCATION OPERATION ADDRESS FIELD 


ANSWER 


5 -) M I <2 1 13 | M |ia 1 »T l>e !lg {;c i 2,5 )S2t: 


’|2S|89|3Q|3.I |32|33134|35|36i 


Exercise #2 - Code an instruction to help find a number which is 20B. 

Assume one number from a list of numbers is already in 
the A-Register, and another instruction will finish the 
test. 


ANSWER 


LOCATION j OPERATt ON ADDRESS FIELD 

h- gOB 









ADD CONSTANT 


MACHINE 


(P+1) 


LOCATION 


ASPEB 


OPERATION 

WiAOC dm 


ADDRESS FIELD 


iiimn 4 ii» ii«iirin[intei»immi««n»]»Ltn: 



Constant 
Symbol ^ 

Symbol ^ Constant 
Symbol - Symbol 

The above values may result 
in an octal value in the range 
00-2^°-l, or the decimal equiva¬ 
lents. 


Mnemonic Operation Code 


This instruction adds to the A-Register (which is IS-bits) the 
18 bit quantity ^ (consisting of^ as the upper 6-bits and m 
as the lower 12-bits). RNI @ P+2. 





6400/6600 


2 USEC 



' RNI I READ 0PERAND and form 

' ' (A) + dm—4 A 


SL0T TIME’ = 100 NSEC 









CO CO 



Exercise #1 ~ Code an instruction to add the bias of 741114 to 
the contents of A. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

5 r 74/1 148 . 


112 t is |I4 MS H6 i 17 jia M9 |2012MZ212S|a4|g5| 26 !g7i2e|29|30|31 132lS3(3<|3S{5e '' 


Exercise #2 - Code an instruction to add the value "symvalue" to the 
A-Register. 


ANSWER 


LOCATION OPERATlOll ADDRES S FIELD 

^ . I \-ADC symvalue; 


la Ii3 |{« iii !.c iiT ii8 I 


13-2 











ADDRESS FIELD 


Constant 

Symbol 

Symbol ^ Constant 
Symbol •• Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 


This instruction adds to the A-Register (which is 18-bits) the 
12-bit positive quantity contained in memory location d. RNI @ P+1. 


REFERENCES 


ARITHMETIC 



June 1, '66 











1-1 o 


ADD 



6400/6600 


2 USEC 


T 

I 

M 

I 

N 


1 USEC 




1 USEC 


475 NSEC 


— 

i 
t 
I 


475 NSEC 


I 

I 


G 

I 

H 

t 

f 

H 

1 

I 


1 

■<s- 

1 


I 


1- 

hJ . 

I 




i 

CO 

. 1 

CO 

1 


RNI 


READ 0PERAND and form 
(A) +(d)->A 


SL0T TIME = 100 NSEC 


14-1 










S > X 


i 



Exercise #1 - Code an instruction to add the contents of low-core 
location 01, which might be a 12-bit constant to the 
A-Register. 


ANSWER 


LOCATION OPERATION ADDRESS FI ELD 

I . ' ' / ."T" 


llJ -1 M | iz ||3 |H |is IIS Iiriia 119 UOUI |z2U3U<ia5|Z6 iaT|2a|i 9|30|3i iaa|ss|3«p»iy 


Exercise #2 - Code an instruction to add the contents of location 

TEMP7, which is a temporary value, to the A-Register. 
TEMP7, =77 


LOCATION OPERATlOn ADDRESS FIELD 


ANSWER 


ADD TENP7 

\ — 1.1 i !....J,- J. I I I 


t li^ii I lain I 


- .. ■ -Oi !rtJ,"' !Z. i;2|83|;<|88[;a|;7|;a|;9|,oui | ,2 I 33 13 <| „ | 










O M H ►tJ h-i !Rl,Ci CoMOj WH>SpaO'Ti 


SBD 


SUBTRACT DIRECT 


MACHINE 


1 


1 

d 



LOCATION 


AS PER 


OPERATION ADDRESS FIELD 

1 1 ’^^.^ ... 

[Constant 
LJ Symbol 

jSymbol - Constant 
(symbol ^ Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equiva¬ 
lents are 00-63. 

- Mnemonic Operation Code 



This instruction subtracts from the A-Reigister (which is 18 bits) 
the 12 bit positive quantity contained in location d.. RNI @ P+1. 


ARITHMETIC 


June 1, '66 


15-0 








OStHgHH KP>FdOf>HOS;Ot-'^ 



FETCH 

0PEEAND 


-^A) - 0PEEAn4 
->A 


6400/6600 


)<- 1 USEC - ^ -;-1 USEC 

I I I 


~^j 475 NSEC 

t 

1 

1 

1 

H 

TS- 

—475 NSEC 

t 

i 

j 

H 

IS. 


i .. — " 

i 

1 

1-4 . 

to 

1 

i 

h4 

CO 


t 

' RNI 


t 

t READ 0PERAND and form 

1 


' (A) 

- (d)-i. A 


SL0T TIME = 100 NSEC 













U CO 



Exercise #1 - Code an instruction to decrement the A-Register by a value 
of 120i«. The value, 120 is in location 70, called 


TEMPO. 


LOCATION 


ANSWER 


OPERATION ADDRESS FIELD 

M.SBO TEMPO . 


1^ II i i'z 115 [14 I IS |lfi |IT I IB I 1^ |50|£1 


22IZ5|g4|g8l2«ttT|28|29|30|5.l \ 


Exercise #2 - Code an instruction to subtract a bias of 3333 from a 

value in the A-Register. The bias value is in location 

12 . 

10 


ANSWER 


LOCATI ON OPERATION ADDRESS FIELD 

r . . 1 . , . 'tSBa MB 


j'g ]>S («7|IB [«9ItOlZt|22|g5it<|2S!8<[»7128j2»|30!SlISZlSJ13413813#> 


L5-2 









Q W 



MACHINE 


LOCATION 


ASPER 


OPERATION 


ADDRESS FIELD 


inimmu titiiMniimonilit»»>t4i»»mnnt«»n»ot»'<»mt»«i»«t»« 


[Constant 

'Symbol 

I Symbol - Constant 
[symbol ^ Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This instruction adds to the contents of the A-Rggister (which is 
18-bits), a 12-bit positive operand obtained by indirect addressing. 
Location _d is read out of memory, and the word obtained is used as 
the operand address. RNI @ P+l 


REFERENCES 


ARITHMETIC 



June 1, '66 






O 2J 



6400/6600 


3 OSEC 


-1 USEC 


■1 USEC 


W 475 r« 

Insec ' 


f. RNI 


jNSEC 


0PERAND 

ADDRESS 

(d) 


-—- 

t 

—^ 475 
I NSEC 


-1 USEC- 


1 

H * 

( 

IH 1 

H 

TS- 

^ ' 



CO 1 

! 

CO, j 

i 

CO 

1 I 

* READ ' READ 


I 0PERA1'ID and fort 
(A) + ((d))->A 


SL0T TIMEL= 100 NSEC 


16-1 











ADI 

Exercise #1 - Various instructions throughout a program need to refer 
to the same location. Code an instruction that needs 
the contents of location 6000, and 6000 is also found in 
location 76. 

Assvime FIRSTAID= 0076 


(0076) = SECONADD = 6000 



LOCATION 


OPERATION ADDRESS FIELD 

ANSWER 

^ 1.1 "i. I I 

FIRST ADD 

_ _1_J___L .1_1_1_1 J_L L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




11 112 |r3 11, 1 13 |I6 117 |iS 1 1? 1 >CU; |;i|SS|z,|J5|ts 127128 I29IJ0I3.I 13213513,1351361’ 


Exercise #2 - Code an instruction which uses location lOo ^ first 

8 

reference and location 7000 as a second reference to 

o 


pick up a flag, to add to A. 
(0010) = 7000 
(7000) = Flag 


ANSWER 

LOCATION 

: 

OPERATION ADDRESS FIELD 

1 

1 

f. i 1 1 1 1 1 . 

1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 .1 1 1 S 


1 

1 

«IH6|tl«iTHI, 

6: 

.11 112|13|HJI3]l6|lT|ie "5 I2CJ2 II 22 12312,1291 26 I 271 26 1291301 3.1 13213313,1391361’' 







SBI 


SUBTEACT INDIRECT 


(P) 


11 5 0 


F 

0 

R 

M 

A 

T 


D 

E 

S 

G 

R 

I 

P 

T 

I 

0 

N 


I 



(which is 18-bits) 
addressing. Location 
is used as the operand 


REFERENCES ; 


This instruction subtracts from the A-Register 
a 12-bit positive operand obtained by indirect 
^ is read out of memory, and the word obtained 
address . RNI @ P+1 


ARITHMETIC 


June 1, *66 


17-0 



















6400/6600 



f RNI ' READ 

* ‘ 0PERAND 

ADDRESS 


(d) 


SB I 



3 USEC 


>)<-——1 USEC--->. 


1 
I 

' READ I' 

I 0PERA1TO and form 
(A) - ((d))-^A 



E-i 

CO 


NSEC 


17-1 












w Pi f ha K > 


. - - ------ ^—r-- 

SBI 

Exercise #1 - Code an instruction to subtract from the A-Register 

the value found in location 7021, called RESULT. The 
address "RESULT" is also found in location 2 called 
"REFERl". 

Asstime ''(,0002) = (REFERi) = 7021 = RESULT 


(RESULT) = 0PERAND 




LOCATION 


OPERATION ADDRESS FIELD 

ANSWER 



1 

r 1 1 1 1 1 1 

1. -p 

III .. 


i 

1 


II 112 113 [14 1 IS ]16 117 I le l«9 UC|£nE2<2SI24|25{28 l27|2fi|29|30|3.M32|33|34|S5|36i 


Exercise #2 - Code an instruction to decrement the contents of the 
A-Register by a constant, whose address is found in 
location SO^. 




LOCATION 


OPERATION ADDRESS FIELD 

ANSWER 

1 

1 

i' 1 1 1 1 1 1 


\^PA . .. 1 1 1 1 1 1 1 1 I 1 1 


1 

1 

•io^ 

II (»2 JI3 H4 MS 116 MT HB 1 19 120121122j25!2«12S|2« I2ri2#!2»|5013l 132133194159133 


17-2 




aoMH^Tji-ijaocnMa I 


ADD MEMORY INDEX 


MACHINE 


(P+1) 


LOCATION 


AS PER 


OPERATION 

MAdM 


ftp 


ADDRESS FIELD 


niitmimmitiitfitutniBniiMinmmiM* 


Separator 

space or comma 
fConstant 
(symbol 

Symbol ^ Constant 
^ymbol - Symbol 

The value of d must result 
in an octal value in the 
range of 00-77. 

The value of m must result 
in an octal„value in the 
range of 2^ -1. 


■Mnemonic Operation Code 


This instruction adds to th,e contents of the A-Register (which is 18-:bits) 
a 12-bit positive operand obtained by indexed addressing. 

Note: If d =0 , the operand address is simply m. 

If d f: 0, then jLplus the contents of location d^, m-P(d) is the 
operand address. Thus the contents ofd may be used as an index 
quantity to modify operand addresses. RNI @ P+2. 



ARITHMETIC 


June 1, ’66 


18-0 









&400/660U 


3-4 USEC 


- 

i I 
->i 47 5 S- 
[N^SECi 


NO 

INDEX 
d = 0 


- 1 

I i 

^ 475i<"' 
NSEC 
1 

I i 


1 USEC 


1 USEC' 


•1 USEC 


—^475 1 “ 
ksEC* 




READ 0PERAND I READ 0PERAND 
ADDRESS m’(A) + (m)—?A 

> 475 p: —^475,“^ — 

NSEC jNSEQ 


■^<475 !< 

'NSEd 


INDEX 
d 0 


f READ INDEX 



I READ ADDRESS 
•and form 
m + (d) 


' READ 'OPERAND , 

(A) + (mf(d))-M 


SL0T TIME = 100 NSEC 


18-1 






ADM 


Exercise #1 » Code an instruction that is used to add a constant from 


a series of constants to the A-Register. Let the base 
address equal W0RD, which might happen to equal 1244, and 
the index address equal INCREMEN which may equal 01. 


ANSWER 

LOCATION 

] 

OPERATION ADDRESS FIELD 

1 

1 

r { 1 1 1 1 1 


\Ap,Af .. 

1 

1 

1 %: 

n [ 12 113 114 1 fS |iC 117 1 la M9 1 ICiZI UZ|23124|2$I28 127126 I29ISOI3J 132|33|3<(|S5|36|* 


Exercise #2 - Code an instruction to add a constant to the A-Register. 

The constant has a 12-bit address and needs no indexing. 
The address of the constant is called INSTRUCT and may 
happen to equal 5670. 


LOCATION 


{OPERATION ADDRESS FIELD 


ANSWER 








Q W 



(P+1) 



52 

d 

m 

i_ 

J 



OPERATION ADDRESS FIELD 


'BM m, d 


1 » ft ■ I I I 


iiiiiinii>lmn>»i«iiniomi«ti»»it«»»n»i»rmtt»nomi»<i»lnn»l»« 


• Separator 

space or comma 
(Id on St ant 
\ Symbol 

/Symbol Constant 
l^ymbol Symbol 

The value of d, must result 
in an octal value in the 
range of 00-77. 

The value of m, must result 
in an octal value in the 
range of 2 -1. 

-Mnemonic Operation Code 


This instruction subtracts from the 18-bit, A-Register a 12-bit positive 

S operand obtained by indexed addressing. 

C 

R Note: If d=0 , the operand address is simply m. 

I 

P If d ^ 0 , then m plus the contents of location d, m + (d) is the 


If d ^ 0 , then m plus the contents of location d, m + (d) is the 

operand address. Thus the contents of d may be used as an index 

quantity to modify operand addresses. 

RNI @ P+2 


REFERENCES 


arithmetic 1 66 














3-4 USEC 


1 USEC— 


•1 USEC—^ 


->i 47 5‘’v 
USEC> 


475H- 

iN'SEC 


5^1475 ^— 
|USEC‘ 


NO 

INDEX 
d = 0 




READ 0PERAND 1 READ 0PERAND 

ADDRESS m’ (A) - (m)—^A 
, I 1 


J ‘ 
1475 f 


■^^475 

NSEQ 


^.475 !<— 

*NSEd 


INDEX 
d ^ 0 


YC!» 

1 

; 1 

H 

1 i 

I&1 

CO 

1 i 

1 1 

*©• 

CO 

i I 

i 1 

i”i 


' READ INDEX 


I READ ADDRESS 
' and form 
m + (d) 


j READ 0PERANL' 

(A) - (m+(d))-^A 


SL0T TIME = 100 NSEC 


19-1 










w w 







Q W 



N0 0PERA.TI)&N 


July 15, '65 


20-0 














20-1 


























Q W 



ASPEP 


LOCATION I OPERATION ADDRESS FIELD 

, . 1 . . . mPSN. .. 


I .. 


‘Mnemonic Operation Code 


This is a no operation instruction, and is a convenience for padding 
out a program. RNI + 1 (See pages 20-0 -20-2) 



REFERENCES 


N0 0PERA.TI0N 



July 15, '65 









QWmOfsJHia^HMOS 


LJM 


L0NG JUMP 


11 


(P) 

5 


(P-l-1) 


0 11 


F 

0 

R 

M 

A 

T 

S 



This instruction jtunps to the sequence of instructions beginning 
at the address given by m + (d) . 

If d = 0, then m is not modified. 


REFERENCES : 


JUMP 


July 15, '65 


23-0 











LJM 



6400/6600 


2-3 usee 



2: 





Exercise #1 - Code an instruction that unconditionally transfers control 
to a new sequence of instructions, whose beginning address 
is called INITIAL. Use no indexing. INITIAL might happen 


ANSWER 


to equal 4320. 

location”* 


OPERATION ADDRESS FIELD 
LJM INITIAL .. , , , 




HSi I £C128l22iaai24iaftl2*HTt2fll29IS0t^-' 132l33 134|38 138 T 


Exercise #2 - Code an instruction that unconditionally transfers control 
to a new sequence of instructions depending upon the 
contents of a switch. Let the address of the first program 
be called START and assume the index is generated during 
execution and adds to START to give the sequence of instruc¬ 
tions. The index location is called M^iiDIFY. 


ANSWER 


LOCATION I OPERATION ADDRESS FIELD 
Y- \^LJM START,M0DIFY 

/ I I I I I I t ; I I I I I I t I 'I I I I I I I I I I 


I01 H M2| 15 |»^ |19 |16 j !I9 |Z0|2UZZ|Z>|241gftl2» 127U»I2»I3P|3» 13213^135136.»‘ 




a o M 


F 

0 

R 

M 

A 

T 

S 


D 

E 

S 

C 

R 

I 

P 

T 


RJM 


r 


RETURN JUMP 




(P) 


(P+1) 


MACHINE 


02 

d 

m 

\ _ _ _J 

V --- ^ -' 


AS PEE 



Separator 

space or comma 
Constant 
Symbol 

Symbol - Constant 
Symbol - Symbol 

The value of d, must result 
in an octal value in the 
range of 00-77. The value 
of m.must result in an octal 
value in the range of 


■Mnemonic Operation Code 


This instruction jumps to the sequence, of instructions, beginning 
at the location given by m + (d) . If d = 0 , then m is not modified. 
The current program address plus two (P +2) is stored at the jtimp 
address, and is used as the return address to the main routine when 
the new sequence is finished. The new sequence starts at the jump 
address plus one. 


REFERENCES : 


JUMP 


June 1, '66 


24-.0 








OSIHKmH {s;p>f^O>HOE:01r' 



.d = 0> 


FETCH 
JUMP ADDR 
m + (d) 


P+2-> JUMP 
ADDR 


FETCH 
JUMP ADDR 


JUMP ADDR 
+ 1-^P 


6400/6600 


3-4 USEC 


i<$-1 USEC 

I I 

->i 47.5K— 
kSECi 


NO 

INDEX 
d = 0 


—-1 USEC 

i ! 

“^1 475j<~~ 
NSEC 

I 

) i I 


1 USEC 


■1 USEC 


—>'475 — 

[msec' 





READ JUMP 


tST9>RE RETURN 


475 f: - 

NSEQ 


ADDRESS m'ADDR P+2 
I 1 

— —^475,'<— 

NSEC 


^i475 \ 

'NSEd 


INDEX 
d 7^= 0 


H 

1 

! 

H 

i 

\ 

■'S- 

i 

hJ 

1 


1 

CO 

1 


i READ INDEX 
' (d) 


iREx^U) JUMP 
'■ADDRESS lu+^d) 


’ST0RE RETURN 
ADDR P+2 


SL0T TIME = 100 NSEC 


24-1 






CO n 




Exercise #1 - Different places in a program it is desired to execute a 

series of instructions and return to the main program each 
time. Code an instruction that would allow us to execute 
a subroutine called SCANNER and return upon completion of 
the subroutine. No indexing is needed on this instruction. 


ANSWER 


LOCATION I OPERATION ADDRESS FIELD 

^ . .1 Srum scanner . 


II [12 H3 1 14 ns I te I IT I IB 119 t go I Zi I 


Exercise #2 - ]h various parts of a program it is desirable to execute 
one of, two subroutines, and return to the main program. 
The base address of the two routines is called C0NVERT 
and the index is called SWITCH. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

cmv£Rr,siiiarcH-. 


i?Ol H |I2 [l» [H lift lIB HT m 119 I20IZI Hri2BIZ>IS0jSt j 38153 13^135 j Jg 








Ix< O PS S <! 


UNC0NDITI0NAL JUMP 


MACHINE 



LOCATION 


OPERATION ADDRESS FIELD 



Constant 
Symbol ^ 

Symbol Constant 
Symbol - Symbol 

The above values must result 
in the range of 00-77. The 
decimal equivalents are 00-63■ 


Mnemonic Operation Code 


This instruction provides an unconditional jump of up to 31 ]^q steps 
forward or backward from the current program address. The value 
of d is added to the current program address. If d is positive 
(Olg - 37g) the jump is forward. If d is negative (^Og " 
the jump is backward. 

NOTE: If d = 00 or 77, the processor will hang-up (stop) indefinitely. 









6400/6600 


1 USEC 



RNI 


SL0T TIME = 100 NSEC 


25-1 













CO w f K > 


■ 


Exergise #1 - Code an instruction that unconditionally transfers control 
forward to a new set of instructions. The new address is 
called ALPM and must be in the range of 01-37 places 
forward. 

Note: d must not equal 00 or 11 ^ for this will hang-up 

the PP,5until dead start. ! 

LOCATION I OPERATION ADDRESS FIELD 


ANSWER 


WJJN ALPHA 


1 

M.ITUll '1C* H 1,12 in !■« MS lit 1171 


Exercise #2 - Code an instruction that unconditionally transfers control 
backward to a new set of instructions. The new address 
is called BACK and must be in the range of 01-37 places 
backw 


Note: See above note. 


LOCATION 


ANSWER 


} OPERATION ADDRESS FIELD _ 

ji^ 4/i/i/V I I I I I I I I I I I I I I I I 1 ,i 

'ib' II ll7inil4ll!HltHTII>lial2OI2ll22l2a|2« l2ai2tl2T|26|21|30|aM”l?»l»« l ” l ” ' 


25-2 








SOMH'DMtdoaiMO 


ZJN 


F 

0 

R 

M 

A 

T 

S 


ZERjO JUMP 


11 


(P) 

5 



This instruction provides a conditional jump of up to 31 steps forward or 
backward from the current .program address if the content of the A-Register 
is zero. If A is a nonzero, the next instruction @ P+1 is executed. Nega¬ 
tive zero (777777) is treated as nonzero. If d is positive (01o-37o) the 

““ o o 

jump is forward. If d is negative (^Og“76g) the jump is backward. 

Note: If d = 00 or 77 and the test is met, the processor will hang-up (stop) 
indefinitely. 


REFERENCES 


JUMP 


July 15, '65 




26-0 









1 USEC 


i 475 NSEC 

I ' 


RNI 


H 

■©. 

w 


SL0T TIME = 100 NSEC 







CO M 



ZJI 


Exercise #1 - The computer has decision making ability, depending upon the 
contents of the A-Register. Code an instruction that tests 
A for being zero- If it is a dump forward 
an address call DECIMAL, if the condition is not met read 
the next instruction at P+1. 

DECIMAL must be in the range of 01-37, places forward . 

Note: See note on page 25-2. 


ANSWER 


LOCATION i 

’ 

1 

1 ' . 

l' 1 1 1 1 1 1 


</, tlH 6 | 6 l«|t| 61 t ja 


i OPERATION ADDRESS FIELD 


.. 

jl 112 11, 114 I l» 116 I IT 11° ! 12 I 20| 2112212»l 241261 26 IITI26 I2» 130 


Exercise #2 - Code an instruction that tests the A-Register for zero, 

and if a zero is found jump back 20 locations, otherwise 

o 

continue at P+1. 

Note: See note on page 25-2. 


LOCATION 


ANSWER 


I OPERATION ADDRESS FIELD 
rZQB. . 


bbl »l {12 113 [14 I IS t tt I tT I H |I9 U0|ZI j22|aa|24|25|et t«T12«|29l30ISn32l55[3413S|atl» 
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IqWCOOP^HP-iHMOS 


N0NZERi5 JUMP 




OPERATION ADDRESS FIELD 


Constant 

Symbol 

I Symbol ^ Constant 
^Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equiva¬ 
lents are 00 - 63 . 

Mnemonic Operation Code 



This instruction provides a conditional jump of up to 31 steps forward or 
backward from the current program address if the Content of the A-Register 
is nonzero. If A is a zero, the next instruction @ P+1 is executed. Nega¬ 
tive zero (777777) is treated as nonzero. If d is positive (01-37g) the 
jump is forward. If d is negative (40-76g) the jump is backward. 

Note: If d = 00 or 77. and the test is met, the processor will hang-up (stop) 
indefinitely. 






















w X < S 1-4 w 


NJN 

Exercise #1 - Code an instruction that tests the A-Register for a non¬ 
zero quantity and jumps forward 3 places if the condition 
is met. 


Note: See note on page 25-2. 


LOCATION 

1 OPERATION ADDRESS FIELD 

w1 

1*^ ,, L 1 1 1 1 1 1' 1 1 1 1 1 1 1 1 1 1 -1-^ 

1 1 S 1 4 I • 1 « 1 V 1 • 1 • 



Exercise #2 - Code an instruction that loops back to a location called 
{JCTAL, if the A-Register is a non-sero quantity. Other¬ 
wise RNI @P+1. 0CTAL would be in the range of 01-37 
places back. 

Note: See note on page 25-2. 



LOCATION 1 

-^1 

OPERATION ADDRESS FIELD 

ANSWER 

1 

1 ; • 

i' j 1 1 1 1 1 

is 

1 1 1 1 , 1 1 1 1 1 I 1 1 1 1 i-i 


1 

.1 

1H1«I»1«|THH 
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S50Mi-3'x)M5aocnWa 


PJN 


F 

0 

R 

M 

A 

T 

S 


PLUS JUMP 


MACHINE 



AS PER 


LOCATION 

OPERATION ADDRESS FIELD 

9 

1 

r 1 1 1 1 1 1 


1 

1 

J t S 1« It l« IT !• I» 



[Constant 
I Symbol 

Symbol 7 Constant 
l^ymbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77i The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This instruction provides a conditional jump of up to 31 steps forward or 

backward from the current'program address if the contents-of the A-Register 

is positive. If A is negative, the next instruction @ P+1 is executed. A 

is positive if the 2^^ is a zero. If d is positive (01-37„) the jtimp is 

— o 

forward. If d is negative (40-76 ) the jump is backward. 

“ o 

Note: If d = 00 or 77 and the test is met, the processor will hang-up 

■■ fstop) __ 

REFERENCES : 


JUMP 


July 15, '65 
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Exercise #1 - Code an instruction that tests the A-Register for a 

positive number, and if the condition is met, jump forward 
to location SYMBOL. SYMBOL must be in the range of 01-37 
places forward. 

Note: See note page 25-2. 

LOCATION I OPERATION ADDRESS FIELD 


ANSWER 


operation address field 

SYMB 0 L 

N I n I 1*1 I I I I I I'I I I I I I .1 1 . 1 . .LX.! 

ti H2 MS 114 ns 1 »T t>B n& izout izataaiMiasi a* i27i2Bi2»t30ist 1 3213 a is4i35is«» 


Exercise #2 - Code an instruction that jumps backward if the contents 
of the A-Register is positives Go back to location 
INSTFLAG. INSTFLAG must be back 01-37 places. 

Note: See note page 28-2, 


ANSWER 


LOCATION 


1 

1 ; 1 

1 ) 1 1 1 1 1 


1 


V; 


OPERATION ADDRESS FIELD 
PJN XNSTFL AG . 


?’i n 1 12 I IS [14 MS ]'S I IT ne ! i g I 2&1 28 1221281241251 2B 127128 129 1301 SJ 132133 i34|3S»30 r' - 


28-2 









MINUS JUMP 


MACHINE 


LOCATION 


ASPER 


11 

5 

0 

1 07 

d 





OPERATION ADDRESS FIELD 

. I t t > > t I. t. 1. I 


uonstant 

Symbol 

Symbol - Constant 
Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This instruction provides a conditional jtamp of up to 31 steps forward or 
backward from the current program address if the content of the A-Register is 
negative. If A is positive, the next instruction @ P+1 is executed. A is 
negative (if the 2^^ bit is a one> If d is positive (01-378)the jump is 
forward. If d is negative (40-768) jump is backward. 

Note: If d = 00 or 77 and the test is met, the processor will hang-up (stop) 
indefinitely. _ 
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Exercise #1 - Code an instruction that tests the A-Register and if it 

finds it negative, jumps forward to a set of instructions 
beginning at location ERR0R. ERR0R must be in the range 
of 01-37 places forward. 

Note: See note on page 25-2. 

rLOCATION OPERATION ADDRESS FIELD 


ANSWER 


iJH MRa 


fetj 1 1 1 i'z 1 IS 1 14 1 IS I lejlTjiejlS UP|£lU2l2SI241g5|tIltT12B|aS|30|3.l 132 |8S 1 34| 35 | ^6 p 


Exercise #2 - Code an instruction that tests the A-Register for a 
negative number and jumps back 4 locations. 

Note: See note page 25-2. 

LOCATION OPERATION ADDRESS FIELD 


ANSWER 


r 4 


II 112 113 114 IIS I 


16 lITjlB Il» |2Ct2na2l23|24|25|2Slt7|g>|2»]30|3.l ]32[33134|3S1331* 
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Q W 


LOGICAL DIFFERENCE 
N(a ADDRESS 


MACHINE 


LMN 


ASPER 


LOCATION i OPERAT ION ADDRESS FIELD 
. miMN . _ . _ ... 


lliliLUUIiiaii! 






Constant 
Symbol ^ 

I Symbol Constant 
^Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00”77. The decimal equiva¬ 
lents are 00-63. 


Mnemonic Operation Code 


The instruction forms in the A-Register the bit by bit logical difference 
of d and the lower 6 bits of A. This is equivalent to complementing the 
individual bits in A which correspo\id to bits in ^ equal to one. The 
upper 12-bits of A are not altered. 

Example: A = 001110101011001001 

d = _001010 

001110101011000011 

RNI & P+1 



L0GICAL 


July 15, '65 
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LMN 



6400/6600 
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SL0T TIME = 100 NSEC 










LMN 


Exercise #1 - Code an instruction that would complement the lower 6-bits| 


of the A-Register, leaving the upper 12-bits unaltered. 


ANSWER 

LOCATION 

r 

OPERATION ADDRESr FIELD 

I 

i 

1 ' 

1 1 11 1 1 1 

Wf 

Z.|/i^Af 1^I 1 1 1 1 1 1' 1 1 1 1 1 1 1 1 1 1 1. .I- 

1 

iUMllMITlH.t 

2^ 

II 1I2IIJII4II5 HSMTIIl IIS IS0UII!2l2Sle«IS5IS«U7IJ»IS»H01’' 1SS !»> 1 »41»S1.»».'' 


Exercise #2 - Assume the A~Register is zero, code an instruction that 
will set the 2® bit position to a one for a flag indica¬ 
tor. 



LOCATION 


OPERATION ADDRESS FIELD 

ANSWER 

1 ( 1 1 1 1 1 

iMl 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . . . ' 


^Illicit Iftiritit 


II |i2 |I3 |I4 |IS |IS 1 ITIIB ns I2CIZIU!I23I24I!SI21 lt7liBi:sl30|3.l |32I3SIS4|9S|9<I' 
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feOPSgCHw IqwcoopShpmE-imoiz; 


OPERATION 


LPN d 



■ inmn«miniiriiiii» 


ADDRESS FIELD 




Constant 

Symbol 

Symbol - Constant 
Ijymbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 


This instruction forms in the A-Register the bit by bit logical 

product of ^ and the lower 6 bits of A. In the final result the 

upper 12 bits of A are zero. 

Example: A = OOlllOlOlOllOOlOOl 

d =_001010 

OOOOOOOOOOOOOOlOOO 

RNI (3 P+1 



L0G1CAL 
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Exercise #1 - Code an instruction that saves just the lower 6-bits 
of the A-Register, setting the upper 12 bits to zero. 


ANSWER 


LOCATiON OPERATION ADDRESS FIELD 

i . MlPH 7TB. . 


M |»2 |»3 I H 115 |>6 M7 |t8 »tg I tC | ZM SZ j 23124128| 2> 12T12B1291501 3.t 132133195136 T 


Exercise #2 


o 5 

Code an instruction that saves the 2 through the 2 


bits of the A-Register, setting the rest to zeros. 


ANSWER 


LOCATION OPERATION ADDRESS F IELD 

^ . 1 . . • %LPN 70B ..; 


t-» M i > 1 • i 'M • It bbj n i«2 H3 H4 IIS 1 1 6 117 I tB 119 tao}^l |22[23|24t2giag ; ?» |?9 |3ft | 9t 


3 









This instruction clears any of the lower 6 bits of the A-Register 
where corresponding bits of are one. The upper 12 bits of A 


are not altered. 


Example; A = 001110101011001001 

d =? _001010 

001110101011000001 


RNI @ P+1 


REFERENCES 


LOGICAL 



July 15, 1 65 










SL0T TIME = 100 NSEC 













K ta o ’n 



This instruction forms in the A-Register the bit by bit logical 

product of the contents of A and the 18-bit quantity to, consisting 

of ^ as the upper 6 bits and jn as the lower 12 bits. 

Example: A - 001110101011001001 
to = 001110000011001010 
001110000011001000 

RNI @ P+2 


REFERENCES 


LOGICAL 



July 15, '65 











6400/6600 


2 USEC 



SL0T TIME = 100 NSEC 
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Exercise #1 - Code an instruction that saves the upper 6-bits of the 


A-Register and sets the lower 12 bits to zeros. 


OPERATION ADDRESS FIELD _] 

I I I I I I I I I I I I I I I 
II |iail5IHH5il»MT|H|l8lt0ltlliimia4|8»|a«|aTU«i;9|30|3 l |3Z|33|34|3»|3»t>- 


Exercise #2 - Code an instruction that clears the 2^ through 2^ and 


2^ through 2^^ bits in the A-Register, and leaves the 
other bits unaltered. 


ANSWER 


LOCATION 

1 

OPERATION ADDRESS FIELD 


I 

■■■■■■■I 


LPC 770707B 

/ i \ .\ 1 I***! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 



1 

RRRfflMHR 

1 



ANSWER 


LOCATION 


1 

1 

i' 5 1 1 1 1 1 

1 

i 

1 

1 
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This instruction forms in the A-Register the bit by bit logical 

of the contents of A and the 18-bit quantity dm, consisting 

of_d as the upper 6-bits andjm as the lower 12 bits. 

Example: A = 001110101011001001 
dm = 000010000000001010 
001100101011000011 

RNI (a P+2 


REFERENCES 


LjDGIGAL 
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6400/6600 


T 

I 

M 

I 

N 

G 


K- 

I 

475 NSEC 


i 

I 

I 

I 


RNI 


2 USEC 



i 

I 


I 



475 NSEC 


1 USEC 



H 

W 


, BEAD OPERAND 

I dm 



: = 100 NSEC 
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K !» O 


L 9 IGICAL DIFFERENCE 
DIRECT 


MACHINE 


r LOCATION 



OPERATION ADDRESS FIELD 


LMD d 


immiKin in 


.nii»ii»Kiniii»it4mninmtitmotmnmH«iiil»«- 


' Constant 
Symbol 

Symbol - Constant 
Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


■Mnemonic Operation Code 


This instruction forms in the A-Register the bit by bit logical 
difference of the lower 12 bits of A and the oantents of location 
d (OOdd) . This is equivalent to complementing individual bits 
of A which correspond to one bits in the contents of location 
The upper 6-bits of A are not altered. 

Example; A = 001110101011001001 
(d)= 010100001010 

OOlliOllllllOOOOll 

RNI (a P+1 


REFERENCES 


L0CICAL 



July 15, '65 

















Exercise #1 - The A-Register contains 770000. Code an instruction to set 
a 12-bit number in memory in A, which may have another 12- 
bit nimiber added to it. Let d, which is some value 00-77, 


ANSWER 


be called F0EMADDR. 

LOCATION r OPE RATION ADDRESS FIELD 
5 ^ ! . . | U .«0 FOnUADDR . 




Exercise #2 - In using the 6600 scope (display), A contains the X- 

coordinate digit (bits 2^-2^^). Code an instruction that 
will set the coordinate position in the A-Register along 
with the coordinate. The 1st reference is to C00R which 
is some value 00-77. 


ANSWER 


LOCATION I OPERATION ADDRESS FIELD 

^ .. . ! . . . fiLMD C00R , , . .. 


OX ^lll Ilg 115 M4 |1S H7 1IB M9 leoiat tgt|gSi24|25[2e |gTjza|a9|30|3l |3Z|33134i33t36 r 

Note: Assume the operand is some value OXXK. 
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a o H 



c 

43 

d 




OPERATION 


LMI d 


ADDRESS FIELD 


r Constant 
Symbol ^ 

I Symbol ^ Constant 
Symbol - Symbol 

The above values must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 


Mnemonic Operation Code 




This instruction forms in the A-Register the bit by bit logical 
difference of the lower 12-bits of A and the 12-bit operand obtained 
by indirect addressing. This is equivalent to complementing indiv¬ 
idual bits of A which correspond to one bits in the operand. The 
upper 6 bits of A are not altered. 

Example: A = 001110101011001001 
((d)) = 010100001010 

001110111111000011 

ENI (a P+1 


L0GICAL 


June 1, '66 


36-0 








6400/6600 


- 

I 

■! 475 
|nseg 

t 


» RNI 


-1 USEC 




•1 USEC 


475 
jNSEC ' 




—^ 475 


-1 USEC- 


i 


NSEC 


C_J 

1 

1 


i 

1 

H 

TS 

W 

1 


1 ■ - 

TS. 

-1-- 

1 

^1 

CO, 

r 

< 

* 

OT 


READ 
0PERAND 
ADDRESS (d) 


READ 

^PERAira 

((d)) 


SL0T TIMEL= 100 NSEC 







S > X 



Exercise - In building a word to send out to the display unit, which 
must be a number OXOX, we find A contains 0X00. Code an 
instruction to set in the lower 6-bits. ^ is the 1st 
reference called BETA and the contents of BETA might be 
called GAMMA, which is the address of the operand. 


LOCATION 


OPERATION ADDRESS FIELD 


ANSWER 


{ l> I 12 I 13 I 14 I IS US I <T | ;g 


Exercise #2 - Code a one word instruction that makes three memory 
references and forms the logical difference with the 
contents of A. Let d = 70g, and the (70) of = LENGTH, 
which is the operand address. 


ANSWER 


LOCATION 


OPERATION ADDRESS FIELD 


j lOi n 112 111 114 115 lie I ir I IB 119 UOI2I 1221251241 
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LgfGICAL DIFFERENCE 
MEM0RY INDEX 


(P+l) 


MACHINE 



OPERATION 


ADDRESS FIELD 



uimi«inii«iirn«iintoiiiltin»it4»»nmM»«it>»eiiiiMlnlnn»l»«’ 


—Separator 

space or comma 
n^onstant 
Symbol 

Symbol ^ Constant 
Symbol ^ Symbol 

The value of must result in 
an octal value in the range of 
00-77. The value of m, must 
result in an octal value in 


the range of 2^ -1. 


■Mnemonic Operation Code 


This instruction forms in the A-Register the bit by bit logical 
difference of the lower 12 bits of A and a 12 bit operand obtained 
by indexed addressing. This is equivalent to complementing indiv¬ 
idual bits of A which correspond to one bits in the operand. The 
upper 6 bits of A are not altered. 

Note: If d = 0 , the operand address is simply m_. 

If d ^ 0, then m plus the contents of location iit4-(d) 
is the operand address; thus the contents of d may be used 
as an index quantity to modify operand addresses. 

RNI (a P+2. 







Ogi-iKMH I S>->j30>naE::ot-' 


LMM 



6400/6600 


3-4 USEC 


1 USEC— 


1 USEC —^ 


1 USEC' 


f i 

->i 475j<— 
jl'^SECi 




■1 USEC—> 


_>i 475U- 


NO 

INDEX 
d = 0 


INDEX 
d 7«= 0 


M 

-s. 


I 

NSEC 

! 

I 

I 


—^475 [<— 

|nsec' 


RNI 


H 

ts. 

w 


H 

■©. 

CO 


READ OPERAND I READ OPERAND 


ADDRESS m' 


475 ^ 
NSEC 


■^475 

NSEO 


.1 


I 


-^475 

'NSEd 

I 

I 


H 

IS. 

CO 


READ INDEX 


I 


H 

ts. 

CO 


E-i I 

■®- L 


I READ ADDRESS 
• and form 
m + (d) 


SL0T TIME = 100 NSEC 


READ 'OPERAND 

(m + (d)) 
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Exerqise #1 - Code a two word instruction, which makes three memory 

references and no indexing to perform the logical differ¬ 
ence with the contents of A. 

Let m = CHECKSUM, and d must = 0. 

The contents of CHECKSUM would be the operand. 

LOCATION I I OPERATION ADDRESS FIELD 

I ,■ I , I ,., vlmm ..... 

tlSl41fl«jritl« 1!^- II 112 113 114 jtsjie 117 j 18 1|2C(ZI U2|2S|24|Zft|26 [27128 12913013.1 }S2i33|34|3S}3fl 


Exercise #2 - Code a two word instruction which makes four memory 
references,, which includes indexing, to perform the 
logical difference with the contents of A. 

Let m = L^CATljON, which is the operand address, and d = 
71g (the index location). 

LOCATION OPERATION ADDRESS FIELD _ 

ANSWER I '• :.i / t i a 


HHMHI.ITI.H JmoI II 112 113 [14 I is 116 117 118 H9 120121 I 221231241251 2« 12 TI 2 B 129 1301 31 132133 134138 |38r 
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XU1.JJ 



This instruction adds the 12 bit quantity in location ^ to the con¬ 
tents of the A-Register and stores the lower 12-bits of the result 
back in location The result is also left in the A-Register at 
the end of the operation. 

RNI (a P+1. 


SFERENGES : 
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FETCH 

INSTRUCTION 



A-^0PER 

ADDR 



P+1—>P 



6400/6600 


3 USEC 


-1 USEC 


-1 USEC 


-1 USEC- 


>1 475 


jNSEC 



—^ 475 


t RNI 


0PERAND (d) 


ST0EE A 


SL0T TIMEL= 100 NSEC 


38-1 








< a 


I 


Exercise #1 - Code an instruction to add an operand to the contents of 
the A-Register and store the results. 

Let d = RUNSIM, which is the operand address and has a 
value in the range of 00-77. 


ANSWER 


LOCATION 


OPERATION ADDRESS FIELD 


ffUAfSm . 


II ] 12 I 13 I 14 I IS 1 16 [ 17 j 1 a I 19 I ZC ) 2'J t2 


Exercise #2 - Code an instruction to fom the checksum of all the 

information on a 80 column card just read into memory. 
Let d = CARDSUM, which is the operand address, and takes 
on a value in the range of 00-77. The operand in loca¬ 
tion CARDSUM would start out = to zero. 


ANSWER 


LOCATION 


OP-^RATION ADDRESS FIELD 




i IQ-I H 112 MS 114 115 |I6 I ITj ift 119 |2i5[^l i y?;2>|2<]25|Z6 |g7|Za{Z»|30|3l 1 
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fd n 



This instruction adds one to the original value in location d_ and 
stores the result back in location The result is also left in 
the A-Register at the end of the operation. The original contents 


of A are destroyed. ENI @ P+1. 










39-1 








Exercise #1 - Code an instruction to update an index location. Let 
^ the index location, be called INCREM, which is an 
address with a value in the range of 00-77. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 
i . ~UA0.a IjNCflEM . 


Hwi II {12 US il4 I la llfi 1»7 1 IB I IB l2ClgMgAI28|24ta>iaBi2T|2B|29|30t3J 132|aS 134|SS |S61 


Exercise #2 - Code an instruction to update a loop counter- which would 
leave the result in the A-Register so it could next be 
tested. Let d = LC0UNT. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

i .■. 1 ., mm ..... 


i-lOT II (»2 Its 114 ua 116 117 118 lia szo 121 U2|251»<I25| at HT|2e|2» 1301 SI 132 |SS 1 S»13S1S»» 
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Q W 


REPLACE SUBTRACT i&NE DIRECT 


MACHINE 



LOCATION 


AS PER 


OPERATION 

\S0D^ d. 


ADDRESS FIELD 




Constant 

Symbol 

Symbol ^ Constant 
_Symbol - Symbol 

The above value must result in 
an octal value in the range of 
00-77. The decimal equivalents 
are 00-63. 



Mnemonic Operation Code 


This instruction subtracts one from the original value in location 
_d and stores the result back in location The result is also 
left in the A Register at the end of the operation. The original 
contents of A are destroyed. RNI @ P+1. 
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FETCH 
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FET 


INSTRUCTI 9 N 






_( 



A->0PER 

ADDR 


J P+1—>E 


I 

I 


6400/6600 




-1 USEC 




•1 USEC 


■I 475 

Inseg 


-> 


475 !< 
iNSEC ' 


I 


H 

■ex 


' RNI 


( 


READ 

0PERAND 


SL0T TIMEL = 


SL0T 


—^ 475 
j NSEC ‘ 

I 

I 

-^ 

I 
( 

' ST0RE A 

(d) i 


H 

ts.: 

>-:ii 

OQI 


NSEC 









Exercise #2 - Code an instruction that would decrement a Y-coordinate 
position in Dot Mode using the display unit. 

Let d = P(J!SITI0N 



40-2 





i 



This instruction adds to the contents of the A-Register the operand 
obtained from indirect addressing. 0PERAND = ((d)) . The resultant 
sum is left in the A-Register at the end of the operation and the lower 
12 bits of A replace the original operand in memory. RNI @ P+1 


REFERENCES 


REPLACE 
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Q., H <£l <1^ ^ 



6400/6600 


4 IJSEC 


1 USEC 


.1 USEC_v 


1 USEC_i 


—>l475 4 

'NSEC I 

I 


I RNI 


—^'475 
iNSEC 


-^475 

^SEC 


H 

? 

H 

h! 

■e. 

1 

TS 

T??.' 

w 

1 

1 

h4 

W 

1 ^ 

1 ' w 

1 


READ 0PER ADDe| READ 0PER 

(d) 1 ((d)) 


INSEO 



ST0RE A 


SL0T TIME = 100 NSEC 









Exercise #1 - Code an instruction to add the contents of A to an 


RAI 


operand and replace the original operand with the results 
using the indirect method. 

Let d = fiOgj the contents of 60 = MESSAGE, which is 



LOCATION 


OPERATION ADDRESS FIELD 

ANSWER 

% 1 

M 1 ( 1 1 1 1 1 

r: 't 

/Mr ,eoB 

1 1 1 1 1 1 ’ 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




II il2 tl3 ]I4 1 IS llfi11711» 119 120121|22|25(24|S$|2€ tS7|28|29|SO|Sl |S2!9S|S4|39|9I* 


Exercise #2 - Code a replace add instruction which 1st references 


location .50g, called LENGTH, and 2nd location SOOOg, 
called BUFFER. 



LOCATION j 


OPERATION ADDRESS 

FIELD 

ANSWER 

^ 1.1..I 1 1 1 1 


RAT LENGTH 

...L J.. .J, ! I I I I 1 1 1 1 1 1 1 

1 1 1 1 1 r 1 1 1 1 1^ 




11 jlijlj |H |I5 |I6 117 1 iB n» r:c|2i|tZI2SI84IZ6rj«l 

I27I2B 129 19019.1 I 92139194| 35 196 1* 
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OPERATION ADDRESS FIELD 



Constant 

Symbol 

Symbol - Constant 
Symbol ^ Symbol 

The above values must result in an 
octal value in the range of 00-77. 
The decimal equivalents are 00-63. 


■ Mnemonic Operation Code 


The instruction adds one to the operand obtained from indirect 
addressing. OPERAND = ((d)) . The resultant sum is left in the 
A-Register at the end of the operation and the lower 12 bits of A 
replace the original operand in memory. The original contents of 
A are destroyed. RNI 3 P+1 


















pa CO 



Exercise #1 - Code an instruction to update an operand that is updated 
from various parts of a progr^. All 1st references are 
made to location BUMP and 2nd references to location 
LAY0UT. 

LOCATION I OPERATION ADDRESS FIELD 

. mfix 0.UMP. .? 


LOCATION 


1 

1 ■ 

f ‘ ‘ ‘ ‘ 1 



-j I J ■- -1_ i ; ; ’^1-1,511.1 


l£i?* 132[3 3|3413S|36r ^ 


Exercise #2 - Code an instruction which updates a clock count each time 
the RTC goes through its cycle. Let d = C0NT and the 
2nd reference = CL0CK. 


LOCATION 


OPERATION ADDRESS FIELD 


ANSWER 


"2 |i» |n |i5 li61 IT |ja |i9 uo|zi|88iiai8<ia>i;.i87|gai8»nenrn2H»i 
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This instruction subtracts one from the operand obtained from in¬ 
direct addressing, 0PERAND = ((d)) . The resultant difference 
is left in the A-Register at the end of the operation and the lower 
12 bits of A replaces the original operand in memory. The original 
contents of A are destroyed . RNI @ P+1. 







O a M g H H I K p> fd 355^ > H O 



6400/6-600 


4 USEC 


1 USEG-^ 


1 USEC 


.1 USEC—^ 


—^|475 
'NSEC I 


—>;475 

iNSEC 

t 


Jnsec' 


H 1 

1 


1 

1 

H 

! 

j 

■©. 

! 

TS. 

CO 

i 

1 

1-3 

W 

1 

I 

1 

CO 


USEC_;i, 


—^475 

INSEO 



I READ 0PER ADDrJ READ 0RERAND 

(d) ((d)) 


ST0RE 


SL0T TIME = iOO JNSEC 


43-1 
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Exercise #1 - Code an instruction which decrements a record count and 
makes a 1st reference to location RELi^C and a 2nd refer¬ 


ence to location RECjbSD. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

5 , .! .' ■ ‘M 0 X HMuec . 


VQ'l Ii l»3 1 14 US |16 |<7 I IB 11& I »0|ZMt2|2S|24|2ft| Zi t2712a|29!5Q|3.» |32|33 i 35 


Exercise #2 - Code an instruction which subtracts one from an available 
table. The 1st reference is to TABL^C, and the 2nd 
reference to AVAILTAB. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 
i . ^sar . TABL0C . 


112 IIS 114 I IS 116 117 118 119 120121 I 


31 |S2|S9|94i39|36i' 


43-2 






Ii<OPSS<Hai iQWWUpjHPiiE-iHOizi 



■(P+1) 


ADDRESS FIELD 


Separator 

space or comma 
Constant 
Symbol 

Symbol - Constant 
Symbol - Symbol 

The value of must result in 
an octal value in the range of 
00-77. The value of m, must 
result in an octal value in 
the range of 2^^ -1. 


Mnemonic Operation Code 


This instruction adds the contents of the A-Register to the operand obtained 

from Indexed addressing. The resultant sum is left in the A-Register at the 

end of the operation and the lower 12-bits of A replace the original' operand 

in memory. Note : If d = 0 , the operand address is simply m. 

If d ^ 0 . then m plus the contents of location d, 
m + (d) . is the operand address. Thus the contents of 
d may be used as an index quantity to modify operand 
addresses. RNI 0 - P+2. 



REPLACE 


June 1, *66 


44-0 













44-1 












Exercise #1 - Code an instruction to add an operand and the A-Register 
and replace the result using the memory index instruction 


with no indexing. Let m = MESSAGE, and d must — 0. 


ANSWER 


LOCATION j OPERATION ADDRESS FIELD 

5 ,. ' . . . Mrau message . 


Itci II J12 113 114 115 JISJ 17 I IB IIS I 201 21} 221231241251 26 127128 129130131 132133 134135 i 36*^ 


Exercise #2 - Using the same exercise as above, code an instruction 
using memory index .with index modification. Let d = 


LOCATION 


ANSWER 


OPERATION ADDRESS FIELD 


^AM MESSAGE, M0D 

. l-ll l l .1 I I 1*1 I I I 


1 > r.-G i II 112 I I3J^I4 I 13 li e 117 lii? ; j »I j t2 1 231 241251 26 
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Symbol Constant 
Symbol - Symbol 

The value of d, must result 
in an octal value in the range 
of 00-77. The value of m, 
must result in an octal value 
in the range of 2^ -1. 


Mnemonic Operation Code 


This instruction adds one to the operand obtained from indexed addressing. 

The*resultant sum is left in the A-Register at the end of the operation 

and the lower 12-bits of A replace the original operand in memory. The 

original contents of A are destroyed. 

Note: If d = 0 , the operand address is simply m. 

If d ^ O r then m plus the contents of location m + (d) 
is the operand address. Thus the contents of d may be usea as 
an index quantity to modify operand addresses. RNI @ P+2. 



REPLACE 


June 1, *66 














FETCH 
0PER ADDR 
m + (d) 


A—9>0PER 
ADDR 


FETCH 
0PER ADDR 
m 


P + 2 



6400/-6600 


,•. 475 .^- 


INDEX I I w j 
d = 0 i 


1 USEC— 


47 

iNSBC 

( 


C-* 



t—t 

cn 




-A47 S'j- 


I H 

_j_-sx 

I i-j 

, c/3 


I READ 0PER READ 0?ER , ST0RE A 

i I ADDR a^id Add , 1 


c.,-5 USEC 


-^;475j<— m —^473<— 
hsEC- •WSBC 


'(475|<^— —^f475|’^— 

l^SEC 'HSBC 


INDEX ; 

d ^ 0 ' 


I H 

i_ TS. 

I I 
' cn 



H 

1 

IS. . 

1 


i 

CO 

I 


r . 00 i 

^ \ I 


READ INDEX j READ 0PER | READ 0 ?ER | SI 0 RZ A 
. ADDR ■ 

(ci| m + (d) , (pid-(d)) 

and Add 


SL0T TIME = 100 NSEC 


45-1 
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Exer 9 ise #1 - Code an instruction to update an operand by one. Use 

memory index with no index modificatidn. Let m = AEEA. 


LOCATION 


ANSWER 


OPERATION ADDRESS FIELD 

WM . 


U- II 112 113 114 115 I !6 117 119 N» I TO I g I I 281231241251 25 1 2718B1291501 3.1 1 


Exercise #2 - Using the example above,code the instruction using the 
index modification, and let d = INDl. 


ANSWER 


LOCATION f I OPERATION ADDRESS FIELD 

3 , , , 1 , , %A0M . 


p- 112 }I 3 j 14 115 ) I6 I I7}1B 119 I 


24125126 127129129130131 I 32133 [ 34133 j 38.> 
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rp+i) 



57 

d 

m 

- 

A. 

. - 

--—_— J 


OPERATION 


S0M 


ADDRESS FIELD 


n«ii»miinnii»iiemmuiu«i»uinrii»»ti»o|in 


• Separator 

space or comma 
fConstant 
] Symbol 

Symbol ^ Constant 
__Symbol Symbol 

The value of d, must result 
in an octal value in the 
range 00-77. The value of m, 
must result in an octal value 
in the range of'2^ -1. 

-Mnemonic Operation Code 


This instruction subtracts one from the operand obtained from indexed address 

ing. • The resultant difference is left in the A-Register at the end of the 

operation and the lower 12-bits of A replace the original operand in memory. 

The original contents Of A are destroyed. 

Note: If d = 0 , the operand address is simply m. 

If d ^ 0 , then m plus the contents of location m + (d) is the 
operand address. Thus the contents of d may be used as an index 
quantity to modify operand addresses. RNI @ P+2. 


REFERENCES 


REPLACE 



June Ij '66 









H H S3 W .€3. 


6400/6600 


f-5 USEC 


,<—1 USEC- 


-1. USE( 


. 1 USEC—-,-1 


TTC'i^P. 
J uHi w 


^ 475 ;-' 


‘nsec 


NO 

INDEX 

d = 0 


I RNI 


INDEX 

d # 0 


->■ 4'75 47 — —>*47 5'-^- 

'NSEG iNSBC 'NSE'C 

I I ' 


1 


1 


1 

H 

1 


1 

C-f 

1 

H 


la 

1 

H 

1 

TS» 



■'S' 


i-:i 

1 ■ . 

. •©. 

I- 





1 

CO 

1 


i 

CO 



CO 

1 


1 

CO 


I ' 

READ 0PER. , READ 0PER . ST0RE A i 
i aDDR an(^ Subtract! 1 |- 1 

—>'475!<— m —»'475K— —:^75i<— —^47 5|^ 


I READ INDEX 


READ 0PER 
, ADDR 
m + (d) 


READ f2?] 


STJiRE A 


and subtract 


SL0T TIME = 100 NSEC 


^ISEC 

'nsec 

1 

NSEC 

NSEC 

I ' 


SL 0 T 

1 

1 

H 

I 

1 

1 

H 

“S. . 

i i j • 

_ Lj%i -j 

1 

- 1 - 

1 

1-3 

CO 

1 

1 

hJ 

CO 

i i 
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Exercise #1 - Code an instruction to decrement an operand by one, using 


ANSWER 


memory index with no index modification. Let m = FLAG. 


LOCATION 

r- 

OPERATION ADDRESS FIELD 


1 ■' 

r 1 1 1 1 1 1 


S0hs FLM 

1 1" 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 


II t>'2 1 13 |M |1S 1 le nr t IS M9 ! ?C|SH^2|Z5124I2S]2S |27|2Bf29l30|3.l !32|33|3<|9S|30r 


Exercise #2 - Using the above exercise code the instruction using 


indexing. Let d = TEMPO. 


LOCATION 


OPERATION ADDRESS FIELD 

I 

1 : 
f j 1 1 r 1 1 

la 

sm ....... V 

1 

1 

Illt4lll«ir2ll9 

• I 

«b' 

II 112 113 114 1 IS 116 1 17 1 Ifi 119 1 20 121 1221291241231 2« 12712Bt 29130131 132133 134133 


ANSWER 






QWCQOpJHPLiE-ihOS 



This instruction transmits an 18-bit address from the A-Register to the 


central processor with a signal which tells the central processor to perform 
an exchange jxjmp, with the address in A as the starting location of a file of 
16 words containing information about the CP Program to be executed. The 18 
bit initial address must be entered in A before this instruction is executed. 
The central processor replaces the file with similar information from the 


interrupted CP Program. The PP Program is not interrupted. RNI @ P+1. 









* - Central may be busy for an indefinite 
amount of time, depending upon the 
program in operation in the Central 
Processor. 

** - When the PP sets the Central Busy 
condition, it will stay set for a 
minimum of 2 usee. However, the PP is 
free to continue with the next instruction 


6400/5600 


1 irSEC 


I 

- 

I 

I 

I 

1 


I 

i 


475 NSEC 


—' 


RNI 


H 

TS. 

CO 



SL0T TIME = 100 NSEC 







E 


X Exercise #1 - Code an instruction to initiate the CP on a new program. 

A 

M Note: The A-Register must already contain the 18-bit 

P 



47-2 



WH>£3;!aO'^ 


READ PRjiiGRAM ADDRESS 


MACHINE 


AS PER 


(P) 


115 0 



-Mnemonic Operation Code 


S 

C 

R 

I 

P 

T 

I 

0 

N 


This instruction transfers the contents of the central processor 
program address register to the peripheral processor A-Register 
to allow the PP to determine whether the .central processor is 
running. 


REFERENCES : 

CENTRAL PR0CESS{z(r, July 15^ i65 
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!2!OiHH*TdHfdocnMOl WH>!3SfdO’^ 



Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equiva¬ 
lents are 00-63. 


Mnemonic Operation Code 


This instruction transfers a 60-bit central memory word to 5 consecutive 
PP memory locations. The .A-Register must contain the 18-bit CM address 
before the instruction is executed. The 60-bit CM word is disassembled 
l^eginning at the left with the location specified by ^ receiving the left 
most 12-bit word; d +1 , the next 12-bit word, and so on. 

RNI @ P+1. 


July 15, '65 


49-0 









Yes 


No 


ENTER 


FETCH 

INSIR. 


)PER,ADDR- 

a 


-^ENT No^--^PTY\ Yes 

OTSY FF^>--»<rtAGE 

readYyWlid 


STC^RE 

■ 12-BITS 


A-^CENT 



MEMORY 


V V 


'pyr!''^^ 

EDY? 


ST0RE 

12-BITS 


FfiEM 

jSPE|^^D 


jNo 

''"PY^ 

EDY? 


ST0RE 

F0EM 

(M 

12-BITS p 

DrE^_^^DR 

v_y 


STCiRE F0EM 

12-BIIS 


p+i-^p 


I 


6400/6600 


MINIMUM 6 usee 


•1 USEC- 


USEC—jl < —1 USEC 


475 L 

NSEC r 



475 

NSEC 


ST0RE IN 
d 



ST0RE IN 
dPl 


USEC- 


475 ' 

NSEC r 


ST0RE IN 

d+2 


— 1 TfSEC -1 USEC-5^ 


475 

NSEC' I 

I I 

1 I 


ST0RE IN 
d-l-3 


475 le 
NSEC ' 



ST0EE IN 
dd-4 


** This cycle will loop until Cent. Busy FF is not being used by another 
PP, and until there is an empty stage in the Read Pyramid. 

* Each one of these cycles will loop if the next stage in the Read 
Pyramid is also full, from another processor. 


SL0T = 100 nsec 
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Exercise #1 - Code the instruction to transfer a Gent.Memory Word 
(60-bits) to 5 PP Mem. locations, (12-Bit Words) 


Let d = 76 


48 47 36 35 24 23 1211 0 



48 - 59 

2 ->0076 

36 - 47 

2 ->0077 

24 _35 

2 ->0100 

12 - 23 ^ 

2 ^■^->0101 

0 r 11 

2 ->0102 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

i,. . . ! . . . mC/fD 76B , . , 


I 0 1 • M2 M3 ii4 |I5 Mt |ir jlB I 19 120121 |gg|83ig4|iS|g6lZT|2B|g9|30|3U«l33|34lS5mi 


Note: A initially contains the 18-bit Cent. Memory 


Address 


Exercise #2 - Code the instruction to transfer a Cent. Memory Word 
starting at PP location STAN. 

STAN may = any value 00-77g. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 

j . . . 1 , . . icm S TAH , , , 


ii; iu |i< |ia lit |iT|i9 119 laoui iatl83U<iaiueiaT|zaii9i30|3i |3g|3a|i<iaa|3»l ? 

Note: See above note 


49-2 





feOCiS<HW IqW 


CENTEAL READ BL?5CK 



MACHINE 





d 

m 


LOCATION 


AS PEE 


OPERATION ADDRESS FIELD 

■ CRM m,d 

t I I t 1 ^ I I I I I I t I I I I ) I 




•Separator 

space or comma 
Constant 
Symbol 

Symbol ^ Constant 
_S37mbol - Symbol 

The value of d, must result 
in an octal value in the range 
00-77. 

The value of m, must result in 
an octal value in the range of 
2 ^^. 1 . 


Mnemonic Operation Code 


This instruction reads a block of 60-bit words from central memory into PP 
memory. The A-Register contains the 18-bit CM starting address and must be 
loaded^prior to the execution of this instruction. The contents of A are in¬ 
creased by one as each 60-b'it CM word is disassembled and stored. During ex¬ 
ecution of this instruction, the original contents of the P-Register are stor¬ 
ed in PP location 0000 and the address of the first word to be stored into PP 
memory, m, goes to the P-Register. P is updated for each new address. The 
original contents of P are restored upon completion. RNI @ P+2. The block 
length or number of CM words to be read is contained in location d, CM ad¬ 
dresses = (A) + (d)-l. The block length also goes to the Q Register where it 
is reduced by one as each CM word is processed. The transfer is completed whei 
Q=0. The PP memory addresses = m+5(d)-l, where m is the starting address in 
the PP. 


REFERENCES 



CENTRAL MEMORY 


July 15, '65 











/ READ 
BL0CK 


Page 50-2 



"“M RNI j 


6400/6600 


MIN. 5-PLUS 5/WORD usee 


USEC- 


475 

NSEC 


" 4 ^ 


-1 USEC- 


-iM- 


-1 USEC 


J 475 

iNSEC 




>! 

iNSEC 

I 

I 

I 




R3SII 


REM) BL0CK[I4-U.OOOO 
LENGTH j 


m-*-P 


5 CYCLES/W0RD(.( 0000 )+l-»-P 
ST0RE CYCLES ‘ 


SL0T - 100 nsec 


50-1 






































CRM 

Exerpise #1 - Code an instruction to transfer a block of words from 
Cent. Memory to PP Memory. 

Let d = LEN = 00-77g 

(LEN) = # of Words 

Let m = FWA, first word address 

Note: The (A - Register) is the starting address 
in Cent. Memory. 


ANSWER 


LOCATION 

1 

OPERATION ADDRESS FIELD 

1 

1 

r 1 1 1 1 1 1 

i 

1 1 1 1 1 1 1 1 1 1 1 1 i 

i 

1 

^^1 

II 112118 114 119 lit lit 119 119 1201211221291241291 26 12T12«|29|JOl31132|33|34139|96|? 
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Q w CO U Pi M PM 


CENTEAL WRITE A 


MACHINE 



ASPEB 


LOCATION I OPERATION ADDRESS FIELD 

^ . 1 . . , mCWD^ d ._ .. 


I» H 1« l« I ■ I I I ■ I I ■■ I 


Constant 

Symbol 

Symbol ^ Constant 
Symbol - Symbol 

The above values must result 
in an octal value in the range 
of 00-77. The decimal equiva¬ 
lents are 00-63. 


Mnemonic Operation Code 



This instruction assembles five successive 12-bit words into a 60-bit word 

I 

and stores the word in central memory. The 18-bit CM address must be in the 
A-Register prior to the execution of the instruction. The first word to be 
read out of PP memory is contained in location This Word appears as the 
leftmost 12-bits of the 60-bit word. The remaining 12-bit groups are taken 
from successive addresses in PP memory. RNI @ P+1. 


REFERENCES 


CENTRAL BL0CK 



July 15, '65 












6400/6600 


MINIMUM 6 usee 


NSEC 


USEC- USEC- y * L USEC—U^EC- 

I I 1 I III 

5 !. j 475 ' J 475 L o 475 K 





FETCH 

(d) 


NSEC , 




H 

SL 

1 

1 

1 

H 

IS 


1 


UD 

1 

CO 


FETCH 

(d)+l 


475 

NSEC 


FETCH 

(d)+2 


475 

NSEC 


FETCH 

(d)+3 


—?l USEC—?i 
I I 

475 > 

NSEC I 



FETCH 

(d)+4 


* Each one of these cycles will loop if the next stage in the write pyramid 
is also full, from another processor. 


SL0T = 100 nsec 
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X < s 


i 


Exercise #1 - Code an instruction to transfer 5 PP words to Cent. 
Memory. 

Let d = FWAWRITE = 75o 


ANSWER 


(0075) —^2 
(0076)—2 
(0077)—>2 


,48 - 59 


36 - 47 


24 - 35 


( 0100 ) 


,12 - 23 


0 - n 


( 0101 ) -> 2 

Note: A contains the 18-bit Cent;.Memory Address 


LOCATION 


OPERATION ADDRESS FIELD 


I 

1 ■' 

r ; 1 1 1 1 1 

,1 i 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 1 1 

i 

1 

k'oT 11 lia ir 3 114 115 116 1 ir lie 1 19 IZ 0 I 2 I i 22 [ 4 S| 24 |* 5 | 26 | 2 r| 2 fl| 29 | 30 | 3 l j 32133 134 | 35 136 |.* 


Exercise #2 - Code an instruction to transfe;:, from PP Mem, -a Cent. Mem 
word to Cent. Mem. 

Let d = PPWRITE = a value 00-77g. 


ANSWER 


Note: See above note 

LOCATION I OF 


OPERATiOH ADDRESS FIELD 

PPWRITE 


1. I 1 1. ■» It It I. It iv;,, , 
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a o M 


F 

0 

R 

M 

A 

T 

S 


CWM 


CENTRAL WRITE BL|5CK 


MACHINE 



ASPER 


LOCATION 

1 OPERATION ADDRESS FIELD 

1 

1 

r ^ I 1 1 1 1 


1 

1 

B..i.tniii«in in linn.. 


-- 


Separator 

space or coinina 
rConstant 
Symbol 

Symbol ■!;_ Constant 
Jymbol - Symbol 

The value of _d, must result 
in an octal value in the 
range of 00-77. The value 
of m, must result in an 
octal value in the range 
of 2^^-l. 


Mnemonic Operation Code 


D 

E 

S 

C 

R 

I 

P 

T 


This instruction assembles a block of 60-bit words and writes them in central 
memory. The A-Register contains the beginning 18 bit CM address and must be 
loaded' prior to the execution of this instruction. Then the address in A is 
increased by one after each 60-bit word is assembled to provide the next Cm 
address. The (^)specify the nxamber of 60-bit,words to write. This count also 
goes to the Q-Register where it is reduced by one as each Cm word is assembled 
The transfer is completed when Q=0. The Cm Address == (A) + (d)-l. The PP 
memory addresses = m + 5(d)-l, where m is the starting address im the PP. Dur¬ 
ing execution of this instruction the original,contents of the P-Register are 
are stored in PP location 0000 and the address of the first word to be fetched 
from PP memory, m, goes to the P-Register. P is updated for each new address. 
The original contents of P are restored upon completion. RNI @ P+2. 


REFERENCES : 


CENTRAL MEMORY 


July 15, '65 


52-0 








erf <! S 



6400/6600 


Min. 5-Plus 5/word usee 


■1 USEC- 


475 ' 


-^1 USEC—USEC- 


475 L 


H 

TS. 



H 

TS. 

1 

H 

hs. 

CO 

1 


CO 

1 

CO 


READ BL0CK 
LENGTH 


NSEC 


Pf1^0000 


-1 USEC- 


475 u 


NSEC ' 



m-^P 


1^1 USEC 



5 CYCLES/W0RD 
FETCH CYCLES 


475 n 



I 

H I 

M 

I 


(0000)+l->Pl 


SL0T = 100 nsec 


52-1 


















|3;|>!:dOt>MO SlOf 

























CWM 

Exercise #1 - Code an instruction to transfer a block of words from PP 
memory to Central Memory. 

Let d = LENGTH 
(LENGTH) = # of words 
Let m = FIRWORAD 

Note: A contains the address of Cent. Mem. that is 
to receive the first word. 


ANSWER 


LOCATION 


OPERATION ADDRESS FIELD 

I 

1 

i' 1 1 1 1 1 1 


FI RW0RAD,LENGTH, . 

1 1 1 1 1 r 1 .1 n 1 1 1 1 I 1 H 1 1 l._l i —1—1—1—L 

i 

1 

«lit<lll«|THl» 

to 

II 112 III 114 H* 116 HT1 tB 119 1 20121 122 1231 84125! 26 |2T| 28 i291S015l 1321SS 134139 1S8J' 


52-3 






aOMHhdwpdOWWaj KiH>SfdO'^ 



(P + 1) 


OPERATION ADDRESS FIELD 


ninii»miiTinnmoiiH]t»niininniiiTii 


Separator 

space or comma 
[Tlonstant 
Symbol 

Symbol ^ Constant 
Jymbol - Symbol 

The value of d, must result 
in an octal value in the 
range of 00-13. The value 
of m, must^^esult in the 
range of 2 -1. 


Mnemonic Operation Code 



Jump to m if channel ^ active. This instruction provides a conditional 
jump to a new program sequence beginning at address m if the channel 
specified by d_ is active. If the channel.is inactive, the current 
program sequence continues. 

MI @ P+2 


REFERENCES 


INPUT/QfUTPUT 
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6400/6600- 


2 USEC 



I I 

RNI » read jump ADDR 


m 


SL0T TIME = 100 NSEG 


53-1 








. AJM 


Exercise #1 - Code an instruction to test if a channel is active, and 


if it is jump to a new sequence of instructions. 
Let d = 00 (channel #) and m = NEWADDR 
Note: RNI @ P+2 if the condition is not met. 



LOCATION 

J 

OPERATION ADDRESS FIELD 

ANSWER 

1 

1 ' . 

r ; i 1 i 1 1 


AJM NEWADDR,0 

1 1 1 1 1 1 1 .1 1 1 I'l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


i. 

1 

lUMUMimH 

■ 1 
I* ■■ ", 

II il2 M3]M 1 IS |I6 11? 1 IB |I9|20|2I }22I29|24t2SI26|27{2ai29i30|3l 132|3St34135|36>< 


Exercise #2 - Using the exercise above test channel 13 and loop (Wait) 
until the channel becomes free. 

Note: See above note. 


ANSWER 



LOCATION 


OPERATION 

ADDRESS FIELD 

1 

1 : • 

-i'-i-L. 1 1 1 1 


AJM 

1 1 1 !• 1 'l 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1^ 

1 

.1 

lilMlIItJTiflt 


II 112 i 13 114 IIS |I6 M7 i Id 119 | IC 

124)29126 127123 129 1301 3.1 132133 1341 35 136 1? 


53-2 








a o M 


INACTIVE JUMP 


MACHINE 


AS PEE 



LOCATION 


OPERATION 


ADDRESS FIELD 



Separator 

space or comma 
Constant 
Symbol 

Symbol - Constant 
Symbol ^ Symbol 

The value of d, must result 
in an octal value in the range 
of 00-13. 

The value of m, must result 
in an octal value in the 
range of 2^ -1,. { 


■Mnemonic Operation Code 




Jump to m if channel ^ inactive. This instruction provides a con¬ 
ditional jump to a new program sequence beginning at address m if 
the channel specified by ^ is inactive. If the channel is active, 
the current program sequence continues. 

RNI @ F+2 


REFERENCES 


INPUT/OUTPUT 
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SL0T TIME = 100 NSEC 


SL0T 














CO w 



Exercise #1 - Test channel 1, and if it is inactive jump to a location 
called ACTIVATE, otherwise RNI @ P+2. 

LOCATION 11 OPERATION ADDRESS FIELD 

« .. i n ■ .. 

ANSWER ^ . 1 XilJM ACTIVATE,^ 

1 I 1 I I 1 A S "^1^ r T I I I I I I I I' I I .I I i i I 


Jtl |>2 115 114 |l> 11» I IT I >8 H9 120iang2|23ia4|g5( 26 I 2T|26 1291301311 32133 I 34| 3S 138 i; 


Exercise #2 - Test channel 13g, and if it is inactive jump to location 
STATUS, otherwise RNI @ P+2. 


ANSWER 


LOCATION 



i 

‘ ‘ ■ 1 



OPERATION ADDRESS FIELD 

. 

ri pa |H I"! ||> lit |I7|I« |I9 |aO|ZI|gi|a5la4|a»|ie |8T|;«|89HO|3l |3zmi34l35l3lll.« 


5 







QWWUpSMfljHHO^ 


66 

c 

d 

m 


.-A ......-J 



(P+1) 


ADDRESS FIELD 


Separator 

space or conma 
Constant 
Symbol 

Symbol ^ Constant 
Symbol Symbol 

The value of d, must result 
in an octal value in the 
range of 00-13. The value 
of m, must result in an^^^^tal 
value in the range of 2 -1. 


— Mnemonic Operation Code 


T um p to m if channel d is full. This instruction provides a condit¬ 
ional jump to a new program sequence beginning at address m if the 
channel specified by ^ is full. If the channel is empty, the current 
program sequence continues. A channel is full: 1) Input operation 
and the input equipment sends a word to the channel register and 
sets the full flag. The channel goes empty when the PP accepts the 
word and clears the full flag. 2) Output operation and the PP 
places a word in the channel register and sets the full flag. The 
channel is empty when the external equipment accepts the word and 
clears the full flag. 

ENl t? P+2' 


REFERENCES ; 
INPUT/0UTPUT 
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Example #1 


ANSWER 


FJM 

- Code an instruction to test a channel to see if an out¬ 
put operation is completed. If not wait and otherwise 
ENI @ P+2 and disconnect the channel (07). 


LOCATION 


OPERATION ADDRESS FIELD 

1 

1 1 
i' 1 1 1 1 1 1 

l| 

FfJ 1^1 ,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 

It t>2 iiS |M ns M6 119 12012112212SI24I2S126 {27128129130131 i32|33|34i3S|3»|r 




O W M O 


EMPTY JUMP 


MACHINE 


(P+1) 


LOCATION 


AS PER 


OPERATION 

■ EJM m, d 

I t I I 1^1 I 


ADDRESS FIELD 




-Separator 

space or comma 
(Tlonstant 
I Symbol 

I Symbol ^ Constant 
LSymbol + Symbol 

The value of d, must result in 
an octal value in the range of 
00-13. The value of m, must 
result in an octal value in the 
range 2^ -1. 


■Mnemonic Operation Code 



Jump to m if channel _d empty. This instruction provides a conditional 
jump to a new program sequence beginning at address m if the channel 
specified by _d is empty. If the channel is full, the current program 
sequence continues. (See page 55-0 for full and empty explanation.) 
ENI @ P-f2 


REFERENCES 


INPUT/jSUTPUT 
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OZIHgHH i ts:t>pdO?»HOE;ot-* 



6400/6600 


2 USEC 


1 USEC 


1 USEC 


475 NSEC 


475 NSEC 


H 

1 

H 

1S- 

1 

■©. 

. 

1 


CO 

1 

CO 


READ JUMP ADDR 


SL0T TIME = 100 NSEC 


56-1 










Exercise #1 - Code an instruction to test channel lOg for the empty 


condition. If it is empty jump to CHANSTAT, otherwise 
RNI (a P+2. 



LOCATION 1 

OPERATION ADDRESS FIELD 

ANSWER 


1 

1'. 1 II 1 1 

L-l 

EJM CHANS TA T, / OB 

1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 





M O 



This instruction transfers a word from input channel ^ to the lower 12 bits 
of the A-Register. The upper 6-bits are zert). Before this instruction is 
executed the channel must have been set activate, and the external equipment 
previously selected for this operation. RNI @ P+1 

*The real time clock is read by simply giving this instruction with channel 


REFERENCES 


INPUT/OUTPUT 
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orsHgMH I K>pdoP^HOs::ot-' 



6400./6600 


2 USEC 


1 USEC 


475 NSEC 


1 USEC 


475 NSEC 



, DUMMY REFERENCE USED TO 
I D0 INPUT T0 A 


’^The ntamber of times it loops depends upon the speed of the external 
equipment. However, for status responses, the select and following 
activate bring the data word in the input register. 


SL0T TIME = 100 NSEC 


57-1 












Exercise #1 


ANSWER 


Exercise #2 


ANSWER 


IAN 

Code an instruction to bring the status in from channel 13 
on a piece of I/O equipment that was properly selected 
for that operation,prior to this instruction. The upper 
6-bits of A will contain zeros. 


LOCATION 


OPERATIOH ADDRESS FIELD 

I 

1 

r ; 1 1 i 1 1 


TAA/ 13B <; 

1 1 1 ! 1 1 1 1 1 1 1 1 1 .... 


1 


II ii'2 )I3 |(4 115 |I6 1 IT its 1I ;C|SM?2l29l24(2ai 2« t2r{2Bl29l30|S.I {S2l3S(34!3ai36r 


Code an instruction to make reading from the RTC (Real 
Time Clock),, 

NjS previous instructions are required. 

Note: RTC is on channel 14g and used for input only. 


LOCATION 


OPERATION ADDRESS FIELD 


1 

-i-j-i-.i 1 1 1 

1 

IAN MB 

1 1 1 1 1 1 1 .1 1 1 1 1 1 1 r 1 1 1 1 1 1 1 1 1 1 1 

1 

.1 

1 1 1 14 II 1« IT 1 0 19 

1 

It 112 i 13 114 119 11C 1 IT [il 11» 1201 21 1 221291241291 26 |27|ZB 129 1301 31 132133 134135 136 i; 


57-2 





Q W 


F 

0 

R 

M 

A 

T 

S 


lAM 


INPUT A BL0CK 


(P) 


(p+i; 


11 


0 11 


MACHINE 


71 

d 

m 

1 J 


-- 


AS PER 


LOCATION 

OPERATION ADDRESS FIELD 


iflnMi 


i 

Hmm 



Separator 

space or comma 
'"Constant 
Symbol 

Symbol J Constant 
__Symbol - Symbol 

" The value of d, must result 
in an octal value in the 
range of 00-13. The value 
of m, must result in an 
octal value in the range of 
12 ^- 1 . 


Mnemonic Operation Code 


S 

C 

R 

I 

P 

T 

I 

0 

N 


Input (a) words from channel to in. This instruction transfers 
a block of words from input channel d to ?P memory, beginning at 
a location specified by m. The A-Register contains the block length 
and is reduced by one as each word is read. The input operation 
is completed when A=0. The equipment selection and channel activate 
must have been done prior to this instruction. During this instruction 
the current contents of the P-Register are stored in PP location 
0000. The P-Register is used as an address to store the data, and 
is restored to its original contents upon completion of the oper¬ 
ation. RNI @ P+2. 


REFERENCES 


INPUT/(OUTPUT 
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58-0 





nteC 


FETCH 


JP+ 1 ^ 

>0000 


READ 

|P=PRG 

GNT 

m=lst ADDR 

(DATA ADDR) 
-- 


No 


CHAFf<f=’ STjORE 
DATA 


P+l-^P 
UPDATE DAT. 
ADDR 



jA-l-^A 
WD CNT 


A-l^A 
SET A = 0 


(0000 >-^p 
RESET 
PRG CNT 



6400/6600 


MINIMUM 4 PLUS 1/WORD usee 


USEC—USEC- 


BL0CK 

INPUT 


ST0RE P 


‘ » 

J ^75 L 

"^NSEC ^ 

' I 



*READ FIRST 
] W0RD 

* ADDR 


,^1 USEC- 


475 L 



1 CYCLE/W0RD 
ST0RE & 
TEST CYCLES 



I 

H I 

s — 

CO ' 

I 


RESET P 


* The number of cycles depend upon the number of words, plus the speed 
of the input/output equipment. 


100 nsec 


58-1 











lAM 

Exercise #1 - Assume the external equipment has been properly selected 
and the channel is ready. Code an instruction to input 
a block of words from Channel 0, to starting address 
DISC (this would be m) the A-Register would contain the 
number of words to be transferred. All transfers will 
be 12-Bits. 



58-2 






Q W 


0UTPUT FR0M A 


MACHINE 


pLOCATION 


ASPES ,■ 



Output (A) OQ channel _d. This instruction transfers a word from 
the lower 12 bits of the A-Register to output channel d_. The ex¬ 
ternal equipment and channel activate must have been previously set 



INPUT/0UTPUT 
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z o 



6400/6600 


2 USEC 


1 USEC 


1 USEC 


475 NSEC 


475 NSEC 



>, 

1 

H 


. . 1 

■©. 


i 

i 

i-q 

CO 


DUMMY REFERENCE USED T0 
0UTPUT (A) 0N CHANNEL 


*The number of times it loops depends upon the speed of the equip¬ 
ment it is communicating with. 


SL0T TIME = 100 NSEC 


59-1 







03 M 



Exercise #1 - Code an instruction to output the lower 12-bits of the 
A-Register to a previously selected piece of equipment 
output to channel 12g. 


ANSWER 


LOCATION OPERATION ADDRESS FIELD 
. ^AN i2B 


[«^n I115114 1 «9 If it7in pmounttit3i»4iganenfmn»i3om iwi3sii4n$ii» 


59-2 





a o H 



(P+1) 



OPERATION ADDRESS FIELD 




Separator 

space or comma 
'’Constant 
Symbol 

I S}raibol Constant 
^jTmbol - Symbol 

The value of d, must result 
in an octal value in the range 
of 00-13. The value of m, must 
result in an o^^al value in 
the range of 2 -1. 


Mnemonic Operation Code 



Output (A) words from on channel _d. This instructioxi transfers a 
block of words on output channel _d from PP memory, beginning at the 
location specified by jn. The contents of the A-Register specify 
the number of words to be sent and are reduced by one as each word 
is sent. The operation is completed when A = 0. The equipment 
selection and channel activate must have been done prior to this 
instruction. During this instruction the current contents of the 
P-Register are stored in location 0000. The P-Register is used as 
an address to store the data, and is restored to its original contents 
upon completion of the operation. RNI @ P+2. 


REFERENCES 


INPUT/0UTPUT 
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6400/6600 


MINIMUM 4 PLUS 1/WORD usee 


-1 USEC- 


1 NSEC 


BL0CK ' 
OUTPUT I 


-1 USEC 


NSEC I 




H 

'<S. 

1 1 
1 

H 

•Sl 

C/3 

1 

1 

CO 

1 

1 

i-q 

CO 


ST0RE P+1 


— 1 USEC- 

475 U- 
NSEC I 

I 


READ FIRST 
W0RD 



1 CYCLE/WORD 
FETCH & 


ADDR TEST CYCLES 


-1 USEC- 



RESET P 


* The number of cycles depend upon the number of words, 
plus the speed of the input/output equipment. 


SL0T = 100 nsec 


60-1 










Exercise #1 - Code an instruction to output a block of information to 
a previously selected piece of equipment. The equipment 


is on Channel 3, the first word address in memory is 
called PUNCH, and the A-Register contains the length of 
the block. 

All word transfers will be 12-bits. 



LOCATION 

OPERATION ADDRESS FIELD 

ANSWER 

I 

1 

wm .. 


1 

• 

till i.iiiiiKin iuiiTinii»i«eniittiHiMi»»mi«n»»ii»i»»l»'l»l»»l»«li»ty 






PcOOSaCHOT InWwOpSHPyHMOia: 



74 

d 

* 




OPERATION ADDRESS FIELD 




itliii.iiULUUumjurnninin*»^ 


Constant 

Symbol 

Symbol Constant 
Symbol - Symbol 

The above value of must 
result in an octal value in the 
range of 00-13. The decimal 
equivalents are 00-11. 


Mnemonic Operation Code 



This instruction activates the channel specified by _d. This instruction 
must precede a 70-73 instruction. ^Activating a channel alerts and prepares 
the I/O equipment for the exchange of data. 

Note: Trying to activate a channel that is already active would hang up 

that one PP, until a monitor, (or some other PP) would deactivate it. 

RNI @ P+1 


REFERENCES 


INPUT/OUTPUT 
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OangMH I 



ENTER 


FETCH 

■ INSTRUCTION. 



6400/6.600 


2 USEC 


“^i 475 NSEC 


1 USEC 


475 NSEC 


1 USEC 


H 

1 

H 

IS- 

1 


h-1 . 

1 


W 

. 1 

CO 


DUMMY REFERENCE 
ACTIVATE CHANNEL 


*Instruction will loop indefinitely if the channel is already 
active. 


SL0T TIME = 100 NSEC 










Exerqise #1 - Code an instruction to activate channel 0. 


ANSWER 


Exercise 2 


ANSWER 


ACN 


Note: If the channel is already active the processor 


executing this instruction will loop indefinitely. 


LOCATION 


OPERATION ADDRESS FIELD 

^ "l ' 

i' 1 1 1 1 1 1 

i 

ACN P 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


i® 

Sts 

tl Ita ilS 114 |IS lie |t7 |I0 |I9 IZOiZt |22i2S|24|ZSi 26 1 27|ZS|29|30|3M32|33|34|35i3fi|' 


Code an instruction to activate Channel 13 . 

8 

Note: See above note 


LOCATION 

r 

OPERATION ADDRESS FIELD 

1 

1 

1 1 1 1 1 1 1 

I 

ACN i3B 

t 1 1 i 1 1 1 1 1 1 I 1 1 i 1 1 1 1 1 1 1 1 1 i 1 1 

1 

1 

Is 

1 

II f 12 113114 113 lift 117 1 IB 119120121I22I29I24I29I26127126129130)31132133134139136 





DISCONNECT CHANNEL 


MACHINE 



AS PEE 


LOCATION I OPERATI ON ADDRESS FIELD 
' WCN d .' 


la n i« i« l« IT n |t,| 


III nainiKiiainiiTiniiTHBlJtiltanmaimtiLiTii 


Constant 

Symbol 

Symbol 7 Constant 
.Symbol - S37mbol 

The above value of d, must result 
in an octal value in the range of 
00-13. The decimal equivalents 
are 00-11. 


■Mnemonic Operation Code 




This instruction deactivates the channel specified by _d. This stops 
the I/O equipment and the fanffer terminates. 

Note: Trying to deactivate a channel that is already-deactive would 

hang up that one PP, until a monitor, (or some other PP) would 
activate it. 

ENI @ P+1 


SEFEEENCES 


INPUT/pUTPUT 
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OSlMgMH! 1 K>Fc)0?'Has^Otr'^ 



6400/6600 2 USEC 



' RNI t DUMMY REFERENCE 

’ ' DISC0NNECT CHANNEL 


*Instruction will loop indefinitely if the channel is already 
deactive. 

SL0T TIME = 100 NSEC 


62-1 





DCN 


Exercise #1 - Code an instruction to deactivate (or disconnect) 
Channel 0. 

Note: If the channel is already inactive the processor 
will loop indefinitely. 


ANSWER 


LOCATION 


1 

1 

f j 1 1 1 1 1 

I 

i 

1 

l|3HHI«|fHI» 

1 


OPERATION 


ADDRESS FIELD 


DC^N^ 1^1 I I I I I I I I I . I I I I I...1. 


I 112 115 11< in lit |IT|I« 119 ia0iai|aaia»ia<li»l26iarizll|89|30|3{ |3Z|i3|34|35|a6 | 


Exercise #2 - Code an instruction to deactivate channel 13 . 

•8 

Note: See above note. 




LOCATION 

r 

OPERATION ADDRESS FIELD 

ANSWER 


1 

1 

i' 1 1 1 1 1 1 

p 

.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



i 

1 

ttiMititjritit 

1 

II lia 119 |I4 Its lt6 nrilB |l» |20|2i)92|BSU4i29|26 isriZBlSSOOISI 132*1331941 39 |9B|< 









FUNCTION C0DE (A) 



MACHINE 




76 

d 


LOCATION 


ASPER 


OPERATION 

IPvJaTT" 


ADDRESS FIELD 


III lit in in H» iminiiiimomiHKimi»»it«itritmmotiii 


Constant 

Symbol 

Symbol - Constant 
_^ymbol - Symbol 

The above value of d, must result 
in an octal value in the range of 
00-13. The decimal equivalents 
are 00-11, 


Mnemonic Operation Code 


Function (A) on channel _d. This instruction sends out on channel _d the 
extearnal function code, previously placed in the lower 12-bits of the A- 
Register. 

Note: Trying to function a channel that’is in the active state would,hang 
that one PP indefinitely, until a monitor, or some other PP de¬ 
activated that channel. 

ENI @ P+1 


REFERENCES 


INPUT/(OUTPUT 
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O tr' ^ 


FAN 


W 

D 

I 

A 

O 

vJ 

R 

A 

M 



FETCH 
tNSTRUCTI^JN 



* 


Yes 

(A) Out 




>—> 

'to Chan 


' P + 

1-^P 


Function Code 





(Sc Signal 

1 ■■ 








The chan is also set active and remains active until 
the external equipment responds with an inactive; therefore, t e 
could continue reading instructions, but the chan remains active until 
the equipment responds. 


6400/6600 


2 USEG 


T 

I 

M 

I 

N 

G 


** 


1 USEC 


I 


1 USEC 


—475 NSEC 


475 NSEC r 


I 

H 

( 

1 

H 

1 

XS- 

1 


i-1 

H-l ■ 

1 


i 

zn 

i 

CO 


RNI 


, DUMMY REFERENCE USED T0 
I SEND 0UT THE (A) 


"*The instruction will loop indefinitely if the channel is already 
active^ 


SL0T TIME = 100 NSEC 


63-1 




w w 


■ 



Exercise #1 - Code an instruction that will send as a function code 
the lower 12-bits of the A-Register. d specifies the 
channel number (01). 

Note: The channel must be inactive prior to a function 
code instruction or the processor will loop 
indefinitely. 

LOCAT ION I Operation address field 
^ ' • ]^fan / ■■ 

ANSWER -^11 I I 1 I I r 1 I 1 .1 I I I I I _i I I I I ... 




63-2 





Q W 


FNC 


FUNGTI0N C0DE m 


MACHINE 


(P = 1) 


77 

d 

m 

1 -/V A - -—/ 


LOCATION 


AS PEE 


OPERATION 

m.d. 


ADDRESS FIELD 


III n»n$ii«ii»iuiirii»ii>i«Bljtilt<i»>it«it»]t»i»Tti 


■ Separator 

space or comma 
Constant 
Symbol ^ 

Symbol ^ Constant 
^Symbol - Symbol 

The value of d, must result 
in an octal value in the 
range of 00-13. 

The value of m, must result 
in an octaJ.2value in the 
range of 2 -1. 


Mnemonic Operation Code 


Function jn on Channel_d. This instruction sends out on channel ^ 
the external function code specified by m. 

Note: Trying to function on a channel that is already active would 

hang up that one PP indefinitely until a monitor, or some 
other PP deactivated the channel. 

ENI (a P+2 


I REFERENCES 
INPUT/0UTPUT 
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H H SI H o 



ENTER 


FETCH 

INSTRUCTI 9 N■ 


FETCH 
(FUNCTION 
C0DE m 


^A^TIV^ 


■Out to 


Function Code 
& Signal_^ 


* The chan is also set active and remains active 
until the external equipment responds with an 
inactive. Therefore, the PP could continue 
reading instructions, but the chan remains active 
until the equipment responds. 


i P + 2-^P 



6400/6600 


2 USEC 


1 USEC 


475 NSEC 


1 USEC 


475 NSEC 


1 

E-i 

I 

H 

i 

1 



1 


i 

1 

i 

hJ . 
W 

1 

1 

CO 

t 

1 


SEND 0UT FUNCTION C0DE 


**The instruction will loop indefinitely if the channel is 
already active. 


SL0T TIME = 100 NSEC 
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FNC 


Exercise #1 - Code an instruction that sends out to a piece of external 
equipment the select code (m) on channel 6. 

Note: See note on page 63-2. 

0704 = m = 405 - card reader status request. 


ANSWER 


LOCATION 

OPERATION ADDRESS FIELD 

1 

1 

r ( 1 1 1 1 1 

P 

FNC P704B, 6 

1 1 1 I r 1 1 .1 I'l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

i 

1 

«l»l<HI«iri.|. 

il 

II lit MS 114 lift Mt unit M» IKOIZI1 til tsit4|85lte iinxtist 1901 SI 1S219S1341S919*’ 
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COMTROL DATA INSTITUTES 


Arlington, Virginia 22204 
3717 Columbia Pike 

Atlanta, Georgia 30327 
500 Interstate North 

Dallas, Texas 75235 
Suite 224 Garden Mall 
Frito-Lay Building 

Frankfurt, Germany 
Bockenheimer Landstrasse 10 
6 Frankfurt/Main 

Los Angeles, California 90045 
5630 Arbor Vitae Street 

Miami, Florida 33131 
174 East Flaglar 

Minneapolis, Minnesota 55408 
3255 Hennepin Avenue South 

Rockville, Maryland 20952 
11428 Rockville Pike 

St. Louis, Missouri 63108 
Des Peres Hall 
3694 W Pine Street 

Southfield, Michigan 4807S 
23775 Northwestern Highway 

Waltham, Massachusetts 02154 
60 Hickory Drive 

New York, New York 10011 
Control Data Computer Training School 
66 West 12 Street 

San Francisco, California 94102 
760 Market Street, Suite 600 

Oakland, California 94612 
508 16th Street 

Chicago, Illinois 60603 
37 South Wabash 


CONTROL DATA 

CORPORATION 


eoi833aCi 





